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As a Direct-Reading Instrument The extreme sensitivity 
of the d-c amplifier is utilized to check plasticizer insula- 
tion resistance values in the megamegohm range. 


As a Recorder Preamplifier The rack-mounted ampli- 
fier above is being used to increase the sensitivity of a 
recorder in running special tests of switches. 


As a Null Detector The d-c Amplifier is being used above 
for factory checking and calibration of instruments. 


L&N Low Level 
d-c Amplifiers are 


elIn response 1o the constant demand for versatility 
in precision instruments, these d-c Indicating Ampli- 
fiers combine the functions of three useful instru- 
ments in one: 


1. A Direct-Reading Instrument that is al- 
ways ready to use... . never any readjusting of 
zero, either initially or during a series of readings. 
Simply select the range in which you want to 
work by turning scale-multiplier knob. 


2. A Recorder Preamplifier — Values meas- 
ured by Stabilized d-c Amplifiers can be recorded 
directly on Speedomax recorders. 


3. A Null Detector more sensitive than most 
reflecting galvanometers, yet with full scale re- 
sponse time of only 2 to 3 seconds. These instru- 
ments are unaffected by vibration; leveling is 
not necessary. At the turn of a range knob, a 
wide choice of sensitivities can be obtained with- 
out external shunts. A non-linear response char- 
acteristic is also available for easy balancing. 


These amplifiers are suitable for ‘handling low level 
with ther strain gages, 
bolometers—bridge and p potenti ti it 
ionization, leakage and phototube currents—almost 
any measurement of extremely small direct current 
or voltage. 

Self-contained, the unit can either be used “‘as is" 
or removed from case and mounted on a 19” relay 
rack. 

For details, including complete specifications, send 
for Folder EM9-51(1). Write our nearest office, or 
4992 Stenton Ave., Phila. 44, Penna. 
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type furnace 


Salt Bath Furnaces 
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quench fur- 
nace for aus- 
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For any of these applications . . . 


ALUMINIZING 
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AUSTEMPERING 
BRAZING 
CARBURIZING 
CLEANING 
CYANIDE HARDENING 
CYCLIC ANNEALING 
DESCALING . . . DESANDING 


DRAWING 
HARDENING 
HEATING FOR 
FORGING AND FORMING 
MARTEMPERING 

ime SOLUTION HEAT TREATING 

Handy slide chart. Write for Details including actual 

—— Write on company stationery. case history data for any job. 
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A COMPLETE PRINTING SERVICE 


Goo prINnTING does not just happen; it is the 
result of careful planning. The knowledge 
of our craftsmen, who for many years have 
been handling details of composition, print- 
ing and binding, is at your disposal. For 
over seventy-five years we have been printers 
of scientific and technical journals, books, 


or theses, dissertations and works in foreign 


ohnatin iwerrure languages. Consult us about your next job. 
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William Blake (1757-1827), a versatile 
genius, was famous for brilliant, some- 
times prophetic, insights which he ex- 
pressed with provocative beauty in 
drawing, painting, poetry and prose. 


“No man can 
improve an 
original 
invention...” 

—William Blake 


Tere are many scientists today 
who would argue this point with Blake. 


At Bell Telephone Laboratories, for 
example, we have seen original inven- 
tions improved and re-improved count- 
less times, the better to serve mankind. 


But William Blake went on to say 
“ .. nor can an original invention exist 
without execution organized, deline- 
ated and articulated.” Here Blake ex- 
pressed ideas that apply with striking 
emphasis today. At Bell Laboratories 
organized effort is constantly aimed at 
fostering an environment in which in- 
ventions can exist and prosper, where 
they can be expressed either as ideas 
or in physical form, and where clear 


understanding of their principles can 
be achieved. 


By helping scientists and engineers 
to reach for the things they seek, by 
organizing and coordinating their 
efforts, Bell Laboratories has made im- 
portant contributions to the art of 
communications: proof of the wave 
nature of the electron, first research 
in radio astronomy, discovery of the 
transistor principle, invention of the 


feedback amplifier. 


Such ventures into the unknown have 
twice brought the Nobel Prize to Bell 
Laboratories scientists, and have 
helped create the most efficient and 
versatile telephone system ever known. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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THE SINOTYPE—A MACHINE FOR THE COMPOSITION OF 
CHINESE FROM A KEYBOARD* 


BY 
SAMUEL H. CALDWELL' 


INTRODUCTION 


The sharing of knowledge and skills on a world-wide scale is one of 
the proudest achievements of man. Printed matter without question 
is used for most of the transmission and storage of human knowledge. 
The world’s enormous publishing industry and its millions of collec- 
tions—public and private—of printed material bear witness to man’s 
eager use of this medium. But not all men have been equally well 
served by printing. 

Although the Chinese are said to have developed the first form of 
type,? the engraved wood blocks of about 700 A.D., printing in the 


v modern sense arose from the invention of movable type by Gutenberg 
} in 1440. Progress in Western printing then became swifter and swifter. 
The processes in use at first were manual, and the Chinese printer was 
at no significant disadvantage technically. During the next two cen- 


turies, however, changes in Western printing were revolutionary, and 
the most important of the new developments could not be used by the 
Chinese printer. 


* The preliminary phases of this work were performed at the Graphic Arts Research 
Foundation, Inc., Cambridge, Massachusetts, under a grant from the Carnegie Corporation of 
New York. This program essentially determined the feasibility of the proposed method. 
The actual development and construction of an operative machine were performed at the 
Foundation under a Government Contract supervised by the Quartermaster Corps and jointly 
funded by the United States Army and Air Force. 

1 Professor of Electrical Engineering, Massachusetts Institute of Technology, and Director 
of Research, Graphic Arts Research Foundation, Inc., Cambridge, Mass. 

2 Cepric Larson, ‘The Story of Wood Type,” 4m. Printer and Lithographer, Vol. 137, 
p. 28 (1956). 


(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors it 
the JouRNAL.) 
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This was the impact of the change from hand composition to key- 
board-controlled machine composition. Mergenthaler’s Linotype was 
commercially successful by about 1890, and Lanston’s Monotype by 
about 1895. These key inventions brought new economies to printing 
and were foundation elements of the Western printing and publishing 
structure. But they served basically the languages in which words are 
written as single-line sequences of alphabetic symbols. 

This paper describes a new approach to the problem of composing 
written Chinese. The material to be composed enters the machine by 
way of a typewriter keyboard; the end product is a photographic film 
carrying images of the Chinese characters selected. Standard com- 
mercial processes and equipment are available for going through the 
remaining steps between the film and the final printed page. 


FUNDAMENTALS OF THE PROBLEM 


There have been a number of attempts to solve the problem of com- 
posing Chinese writing ona keyboard. These efforts have been devoted 
primarily to the development of a practicable typewriter. The success- 
ful development of a photocomposing machine? with an extraordinarily 
large “built-in” array of type styles and sizes soon raised the question 
of whether by extension and modification of the photographic tech- 
niques it might be possible to mechanize the composition of more of the 
world’s writing forms. Technically the problem was one of unques- 
tionable challenge, but the challenge was enormously enhanced by the 
sheer magnitude of the consequences of a practicable solution, in terms 
of the enlightenment and social enrichment of millions of humans. 

Several aspects of this problem are not particularly obvious. These 
will be reviewed briefly because they have the effect of applying strong 
constraints on the machine’s design. 

A first consideration is the quality of the finished product. The 
Chinese—and, indeed, many of the Asian peoples—have a_ highly 
developed taste for good calligraphy. It is doubtful that a machine out- 
put of quality inferior to that obtained by manual typesetting would be 
acceptable. This consideration effectively requires rejection of any 
design approach based upon the idea of constructing a character on film 
by the superposition, in multiple exposures, of a set of more elementary 
symbols. It is true that complete characters are formed by assembling 
them from a limited number of basic strokes, but within the area occu- 
pied by a character a given stroke can appear almost anywhere and 
with a wide variation in its dimensions. To assemble characters in this 


W. Gartu, Jr., “Higonnet-Moyroud Photographic Type Composing Machine,” 
Penrose Annual, Vol. 45, pp. 95-97 (1951). 

S. H. Catpwein, “Technical Features of the Higonnet-Moyroud Photocomposing Ma- 
chine,” rbid., Vol. 46, pp. 119-123 (1952). 

S. J. Parnes, “Photon.” ‘Two articles under this tithe are published in Printing Equipment 
Engineer, in March 1954 and in October 1956. 
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manner, by machine, would require drastic and arbitrary limitation of 
the flexibility in stroke size and position which is inherent to Chinese 
writing. Previous attempts using this method produced results which 
were completely unacceptable. 

If a desired character cannot be ‘‘built up,”’ it must be available 
within the machine zm toto. Moreover, it must be possible for the 
machine’s operator to bring any character into position for photog- 
raphy. Just how an operator controls the machine is the next major 
consideration. 

A number of earlier workers devised typewriters in which the 
vocabulary of characters was arrayed on a cylindrical matrix. At the 
keyboard the operator depressed keys which, in effect, specified the 
cylindrical coordinates of a desired character. In subsequent operation 
the matrix cylinder received a combination of shift and rotation orders 
which brought the selected character into the printing position. 

This is the most elementary approach to the selection problem and it 
reveals the major difficulty that has led to the failure of all attempts to 
compose Chinese from a keyboard. Jn order to select a character by this 
method the operator must know a special code description for that char- 
acter. He must either memorize the code, or he must look it up in a 
reference list. Even for the machine to be described, with a vocabulary 
of fewer than 2400 characters, this would require a prodigious program 
of special training. In terms of a more realistic vocabulary size—say 
6000 to 8000 characters—it is hardly likely that any adequate propor- 
tion of a Chinese-speaking population could ever expect to qualify as 
operators. More subtle approaches than the cylindrical coordinate 
code scheme require somewhat less special training, but essentially they 
fail to solve the problem of making the keyboard one which most 
Chinese-speaking people can master. 

In contrast, the operator of a keyboard for composing or typing in 
English, French, German, or any other language written as sequences of 
alphabetic symbols, must know primarily how to read the words and, 
preferably, how to spell them. These are skills he acquires as part of 
his elementary education and he needs no further special training in 
them. 

What kind of writing skill does the Chinese student acquire in the 
course of his elementary education? Strangely enough, it turns out 
that he learns to write ideographic characters very much as his alpha- 
betic brother learns to write words.‘ 

Chinese has an ‘‘alphabet,”’ in the sense that all Chinese characters 
are written by selecting strokes from a relatively small number (21) of 
basic strokes. 


4Here | must point out that I have no personal knowledge of written or spoken Chinese. 
The ideas developed here were first brought out in a conversation with a former student, 
Mr. F. F. Lee, and were subsequently verified and amplified by Prof. L. S. Yang, of the De- 
partment of Far Eastern Languages, Harvard University. (S.H.C.) 


“3 
i 
i 
: 
2 
: 
a 
4 
: 


474 SAMUEL H. CALDWELL F. 1. 


Chinese has a “‘spelling,’’ in the sense that the sequence of strokes 
used in writing a given character is invariant. There is nothing whimsi- 
cal about the process of setting down the strokes that comprise a 
Chinese character. Every Chinese learns to write a character by using 
exactly the same strokes in exactly the same sequence. 

Quite a bit more than this is needed, but these two established facts— 
the existence of a Chinese “‘alphabet,’’ and the existence of a Chinese 
“‘spelling’’—make possible a keyboard for composing Chinese which can 
be operated by anyone who has learned to write Chinese. The machine 
must still operate under the handicap of requiring a code to describe 
the location of a character in a matrix, but the code requires no special 
learning on the part of the operator; it is derived from the keyboard 
equivalent of the stroke sequence the operator learned in school. 

In highly simplified form, Fig. 1 illustrates the essentials of the 
system. At the left the operator furnishes to a keyboard the sequence 


SELECTEO 
CHARACTER 


CODE CONVERTED TO 
HORIZONTAL AND VERTICAL 


MATRIX COORDINATES MATRIX 
=. cove CHARACTER rite 
KEYBOARO ACCUMULATOR SELECTOR 
( STROKE 
CODE DESCRIBED BY cooe DESCRIBED BY “<OPTICAL AXIS 
INDIVIDUAL STROKES STROKE SEQUENCE ac 
Fic. 1. 


of strokes which ‘“‘spells’”’ the desired character. Within the keyboard 
circuits each stroke is converted to its own binary code. The digits 
of the individual stroke codes are then transmitted to an accumulator 
circuit where the individual stroke codes are combined to form a larger 
code which describes the desired character. Finally, in the Character 
Selector the character code is converted into signals which describe 
the horizontal and vertical coordinates of the character in a rectangular 
photographic matrix. 


CHINESE STROKES, STROKE SEQUENCES, AND AMBIGUITIES 


The group of 21 basic strokes shown in Fig. 2 are those adopted for 
use on the keyboard.* Each stroke is identified by a letter of the Latin 
alphabet appearing in the first column and the stroke itself is shown in 
the second column. In the third column is shown the frequency of 
appearance of the stroke in representative samples of Chinese writing. 
The B, D, and G strokes are shown in long and short forms because in 


5 This selection was made by Prof. L. S. Yang. He also took the responsibility for super- 
vising and verifying the work of a group of Chinese analysts who established the correct stroke 
sequences for the 2333 characters contained in the vocabulary of the machine. 
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identified, as separate strokes. 


the first selection of strokes to be used these pairs were considered, and 
It was soon found, however, that in 
many characters it is difficult for even well-educated Chinese to be sure 
whether a given stroke is long or short. 
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The difficulty was resolved by 


SYMBOL STROKE FREQUENCY SYMBOL STROKE FREQUENCY 
B |—-—- 329 M | -0073 
D ' | -183 s | 


“141 


‘0048 


‘101 


‘0047 


‘073 


‘0032 


‘0027 


024 


“0023 


023 


‘0014 


‘0124 


‘OOl! 


‘0123 


‘0008 


‘0085 


‘0003 


‘0083 


‘0003 


‘0077 


letters. 


Fic. 2. 


Basic strokes arranged in order of decreasing frequency. 


eliminating all distinctions between ‘“‘long’”’ and ‘“‘short.”’ 
three forms of the E stroke and the two forms of the .S stroke are dis- 
regarded in determining stroke sequences. 

An obvious advantage of the use of letters of the alphabet to identify 
strokes is that a sequence of strokes can be rewritten as a sequence of 
Then the sequences of letters 


Likewise, the 


each representing a Chinese 


3 
Say 
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character—-can be transferred to punched cards, and the entire vocabu- 
lary can be manipulated and studied by high-speed computing machinery. 

Krom such studies the frequency figures given in the third column of 
Fig. 2 were obtained. These figures have never before been available 
and they reveal many significant facts about Chinese writing. For 
example, the horizontal stroke B accounts for 33 per cent of Chinese 
writing, and the vertical stroke D accounts for 18 per cent. Thus, 
more than half of written Chinese consists of simple horizontal and 
vertical strokes. The stroke frequencies listed in Fig. 2 decrease so 
rapidly that 90 per cent of all Chinese writing is accounted for by only 
9 of the 21 basic strokes. 

These figures are more than merely interesting. They are of pro- 
found significance in the design of the keyboard and in the design of the 
binary codes to represent strokes. By taking advantage of these (and 
other) facts, it appears possible eventually to build a machine that will 
permit composition in Chinese, from a keyboard, at least as fast as 
composition in English. 

Figure 3 illustrates the evolution of a few Chinese characters by a 


sequence of strokes. For the great majority of characters, this stroke 


COMPLETED EVOLUTIONARY STEPS SPELLING MATHEWS’ 
CHARACTER NUMBER 


#L 


Fic. 3. Evolution of typical characters. 


sequence is sufficient identification, and, as we shall see later, for many 
characters it is redundant. But, there are two situations that require 
the operator to introduce additional information at the keyboard. 
These are the only situations that impose a requirement for special 
training of the operator, and neither is particularly onerous. 

One of these situations has a close counterpart in English (and in 
other alphabetic languages). Consider the English words EVE, EVER, 
EVERY, EVERYONE and EVERYONE’S. Each of these words, 
except the last, is the beginning of the next word in the list. Similarly, 
in Chinese many stroke sequences can represent either complete words 
or the beginnings of longer words. In Fig. 4, the first row shows the 
evolution of the character for ‘‘mouth,”’ derived from the stroke se- 
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STROKE SEQUENCE COMPLETED 


FULL SPELLING T CHARACTER 
| 2;3 | 4 5 | 6 


DPB 


DPBGS 


OPBGBT 


DPBDQD 


oppacok |7 |7 15 | 


Fic. 4. Characters starting with DPB strokes. 


quence D P B, Four additional characters are shown in this figure, all 
of which begin with the stroke sequence D P B. Within the machine's 
vocabulary there are 215 characters that begin with the sequence D P B. 

The significance of this observation is that whenever the complete 
“spelling” of a character can also be that of the beginning of a longer 
character the operator must inform the machine that he wants to obtain 
the character described by the short spelling. It is the equivalent of 
the fact that an operator spelling English words must introduce a space 
to indicate the end of a word. Chinese characters, however, all occupy 
equal areas. In customary writing when a character is completed the 
writer moves to the next area. On the keyboard of the machine, how- 
ever, only the sequences of strokes are supplied and the machine has 
no way to recognize that a given sequence has been completed, zf that 
sequence can be the beginning of a longer sequence. Accordingly, one of 
the extra keys provided is that marked by the character shown in Fig. 5 
and meaning, approximately, ‘‘end of word.’’ The use of this key is not 
difficult to learn. If the machine does not display the desired character 


A 


Fic. 5. “End of Word” character. This key appears in the right side of the 
home row of the keyboard. 
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after its spelling has been completed, it serves as a reminder to the 
operator that other characters begin with the same initial spelling. 
Actuation of the “end of word” key then completes the code which 
selects the desired character. 

The second situation requiring special training of the operator is 
illustrated in Fig. 6. The first four rows show two instances in which 
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Fic. 6. Examples of identical stroke sequences leading to different characters. 


BDB3 


a given stroke sequence leads to two different characters, and in the next 
three rows a single stroke sequence leads to three possible characters. 
There is no exact counterpart to this situation in English. Fortunately 
there are relatively few of these ‘‘spell-alike-look-different’”’ characters 
in the vocabulary. Listings derived from punched-card machines dis- 
close only 20 pairs and 4 triads of such characters. These ambiguities 
are resolved by mounting a chart before the operator to show all the 
characters thus involved. On the chart each of the ambiguous charac- 
ters is associated with a number symbol, expressed in Chinese form, and 
standing for either ‘‘1,”’ or “2,” or 3...) When the appropriate numeri- 
cal suffix is added to the normal stroke sequence of the character, by 
means of extra keys provided for this purpose, the desired character is 
fully identified. The special training thus required involves slightly 
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more than 2 per cent of the vocabulary and it is aided by the fact that 
the machine fails to respond unless the ambiguity is resolved. 

Since the machine can fail to respond to a correct stroke sequence 
because either (a), the sequence represents a complete character which 
can also be the beginning of another character, or (6), the sequence 
can describe more than one character, the operator can readily be con- 
fused by the failure to respond. With increased experience this con- 
fusion becomes a minor problem. ‘To avoid excessive loss of time, how- 
ever, provision is made for the operator to obtain an ambiguous char- 
acter by either of two methods. If, when the stroke sequence is com- 
pleted and no machine response is obtained, he recalls that this is an 
ambiguous character, he simply strikes the numerical suffix key indi- 
cated on the chart. If, however, he interprets the failure of the machine 
to respond as indicating that the stroke sequence introduced is the be- 
ginning of a longer stroke sequence, he will operate the ‘‘end of word”’ 
key. This operation still fails to produce a machine response and 
directs the operator's attention to the chart of ambiguous characters. 
He can at this point add the numerical suffix information and obtain 
the desired character. Thus an ambiguous character can be selected 
by two different input sequences, a fact that requires that each of these 
characters be duplicated in the photographic matrix. 


ANALYSIS OF THE VOCABULARY 

An initial selection of the vocabulary yielded about 2100 characters. 
These were compared with two published frequency lists and, after 
discrepancies were resolved, the final selection contained 2337 char- 
acters, later reduced to 2333 characters because of the need to include 
punctuation and duplicated characters. 

Each character, in enlarged size, was mounted on an individual 
analysis card, together with the number describing its location in 
Mathews’ ‘‘Chinese-English Dictionary.”’ Using sets of rubber stamps, 
the analysts printed on each card the stroke sequence of its character. 
Each stamp in a set carried a single stroke and also the alphabetic 
designator of that stroke. Thus a Chinese expert could verify an 
analysis directly in terms of the strokes used, and a non-Chinese could 
record the spelling in terms of the alphabetic designators. Figure 7 
shows a typical analysis card thus treated. 

Each alphabetic description of a stroke sequence and its correspond- 
ing Mathews’ number were transferred to a standard punched card. 
After these cards were sorted in alphabetic order, a serial number was 
added to each card (to increase the speed of alphabetic sorting in future 
manipulation) and the entire alphabetic list was tabulated. Another 
sorting and tabulation provided a listing of the stroke sequences ar- 
ranged in the order of the Mathews’ numbers. These two lists made 
possible rapid access to any character in the dictionary, even by a 


non-Chinese. 
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TABLE I. 

Mathews’ 
Number Full Spelling Minimum Spelling 
851 BDG EGV BDP BDP BGE GE BDG FGV B 
680 BDG EGV EPB BGD PB BDG EGV E 
4899A* BDG EGV GVB DGE BGYV GBB Ik BDG EGV G 
5552 BDG EGV UE BDG EGV U 
3201 BDG EPB BME BRG S BDG EPB BME 
3328 BDG EPB BMG BDG EPB BMG 

87 BDG ES BDG ES 

411A* BDG EYU EYU EBG ENG E BDG EY 
5890 BDG SEE EPW BDG S 
4593 BDG VA BDG VA 


* Two characters appear under Mathews’ Numbers 4899 and 411. The letter A desig- 


nates the first listed character, in each instance. 


A more important consequence of the alphabetic listing can be seen 
in an extract from that listing, shown as Table I. 

Consider the first four characters in the group and note that their 
spellings are identical for the first six strokes, that is, BDG EGV. But 
the seventh stroke in each of these characters is different and is sufficient 
to distinguish that character from its alphabetic neighbors. Since these 
four characters are the only ones having this particular initial spelling, 
at the seventh stroke their spellings are unique with respect to their 
neighbors and with respect to all other characters in the vocabulary. 

In Table I, the column headed ‘‘Full Spelling’ shows the sequence of 
all the strokes written to form each character. The column headed 
“Minimum Spelling’? shows that part of the full spelling which is the 
shortest initial sequence not duplicated, as a whole or in part, by any 
alphabetically adjacent character. 

It will be seen that this condition is apparently not satisfied by the 
last character, where the final A ‘“‘stroke’’ seems redundant. However, 
the spelling of the last character is actually BDG V and the A stands for 
the ‘end of word” stroke described earlier. It is required because the 
next character in the alphabetic list begins with BDGV. 

The consequence of using minimum spelling is that fewer keyboard 
operations are required to select characters. For the sample shown in 
Table I, it requires 116 strokes to find these characters by full spelling, 
and only 65 strokes by minimum spelling. 

An additional keyboard feature is available for the operator to use 
in composing more rapidly. There are a number of groups of strokes 
which do not necessarily have meanings, but which occur often in the 
spelling of characters. They are somewhat similar to English syllables 
such as -ing, -tion, or -ous. The keyboard provides for twenty of the 
most frequent of these stroke groups, which will be designated as entities. 
If there is an entity present in the spelling of a character, the operator 
may introduce it by using the entity key. This one action introduces 
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the complete stroke sequence contained in the entity just as though the 
individual stroke keys had been used. Actually, it is likely that an 
unskilled operator will use the stroke keys until he learns to recognize 
the opportunity to save time by using entity keys. Figure 8 shows the 
entities used on the keyboard. The way they appear in characters is 
illustrated in Fig. 9. 

The influence of the entities in improving the speed of composition 
may be seen by referring again to Table I. The sequence BDGE is one 


GBE 
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UPPER CASE LOWER CASE 


Fic. 8. Kevboard entities. 
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MATHEWS’ 
NUMBER 


COMPLETED 
CHARACTER EVOLUTIONARY STEPS SPELLING 


xy EEX KGE G 5606 


e+ BBBBDPB B D 456 


YGB BBD 


BDGV BKG 


"IS BDBD DPBB B G V 


Fic. 9. 


Examples of use of entities in characters. 


of the frequent entities. If the key for this entity is used in the eight 
characters of the sample where it is applicable, the number of keyboard 
operations is reduced from 116 to 41, a ratio of almost 3:1. 


THE KEYBOARD AND ITS OUTPUT CODES 


In Fig. 2 the frequencies associated with individual strokes are 
tabulated. These frequency values are those derived from the full 
spelling of the complete vocabulary, with no weighting of the individual 
characters. Samplings were also made of the frequency distribution in 
representative Chinese prose, in which character frequencies might 
influence the result. In the limited samples that necessarily had to be 
used, the frequency shifts found were so small that they were considered 
negligible. Consequently, the stroke frequencies used are those found 
in a message which contains each character of the vocabulary exactly 
once.°® 

The frequencies of occurrence of the individual strokes influence the 
machine design in two important ways. First, the placement of the 
strokes on the keyboard is related to the frequencies of the strokes, 
and to the sequences of strokes.* Second, by taking stroke frequency 
into account, the character description can be encoded with minimum, 
or nearly minimum redundancy. ‘This type of coding makes it possible 
to design selection equipment of minimum size. 


6 Some studies were made also of the stroke frequencies in characters of very long spelling 
The results were remarkably close to those found tor the complete vocabulary. 
Patent No. 409,138 (United Kingdom). 
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Fic. 10. The keyboard. 


The keyboard arrangement shown in Fig. 10 was devised to take 
advantage of the known frequencies of Chinese strokes and supporting 
data on the frequencies of 2-stroke and 3-stroke sequences. It is 
rather striking that the horizontal stroke B and the vertical stroke D 
together account for more than half of all Chinese writing. If the 
diagonal stroke G and the dot FE are added, these four strokes account 
for three quarters of the writing. On the keyboard the heavy contribu- 
tion of the B and D strokes is reflected in the fact that keys for these 
strokes are made available to either hand. 

There was some question whether the skill of a person who knew 
how to write Chinese would transfer readily to the process of setting 
up stroke sequences on a typewriter. Experiments were conducted 
with the cooperation of a number of Chinese students to examine this 
point. The number of subjects was too small to yield firm, quantitative 
answers, but almost without exception both the keyboard speed and the 
rate of committing errors showed marked improvement with very little 
practice. 

One individual spent a total of 20 hours, divided into eight sessions, 
practicing keyboard operation. After the seventh and eighth sessions 
he was tested on unfamiliar prose samples, with the following results : 

Number of Number Number of Total Correct Seconds per 


characters ot correct time, characters correct 
Session spelled errors characters minutes per hour character 


7 146 4 142 11 769 4.65 
8 146 7 139 10 834 4.31 


The above figures refer to characters spelled fully. Under actual 
machine operation, minimum spelling will prevail and substantial im- 
provement in operating speed can be expected. There should also be a 
reduction in the number of errors, for it was observed during these tests 
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that a majority of the errors occurred in the redundant part of the 
spelling. 

Some studies were made of the effect of practice on the error rate. 
In Fig. 11 the curve of error rate as a function of practice time is a com- 
posite result to which a number of operators contributed. There seems 
good reason to expect that skill in writing Chinese characters will trans- 
fer readily to keyboard skill. 
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Fic. 11. Typing errors versus hours of typing practice. 


The actual structure of the binary codes used to represent individual 
strokes is also influenced by the stroke frequency distribution. — If codes 
of uniform length are used to represent all 21 strokes, these codes must 
all contain five binary digits, or bits. Since the longest characters re- 
quire 20 strokes, a uniform-length code requires a maximum input 
description of 5 & 20 or 100 bits. Any reduction obtainable in the 
longest input code means a corresponding reduction in the sizes of the 
Code Accumulator and the Character Selector. 

Such a reduction is readily obtained by the construction of a mini- 
mum-redundancy code.* In brief, the procedure is to assign short 
codes to the higher-frequency strokes and longer codes to strokes of 
lower frequency. Since Huffman’s description of the method is quite 
complete, only the code finally derived is presented in Table I]. The 
necessary stroke frequencies are given in Fig. 2. 

In two respects the code presented in ‘Table I] is not quite a mini- 
mum-redundancy type. First, the “frequencies” of a few strokes were 
slightly, but arbitrarily, altered in order to reduce the code lengths of 


3 Davip A. HurrMan, “A Method for the Construction of Minimum-Redundaney Codes,”’ 
Proc. 1.R.E., Vol. 40, pp. 1098-1101 (1952). 
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the longest characters. Second, in order to obtain certain desirable 
circuit advantages, all codes ending in ‘‘0’’ were augmented to end in 
“1... Despite these non-optimum procedures, the code length of the 
longest character is reduced to 68 bits from the 100 bits required using 
uniform-length stroke codes. 

An interesting and important characteristic of a minimum-redun- 
dancy code should be observed. No code of any length forms the be- 
ginning of a longer code. Thus the code for stroke B is 11, and there is 
no other code that begins with the digits 11. Likewise the code for 
stroke P is 1001, and no longer code begins with 1001. 

For this reason it is not necessary to interpose spaces between the 
codes representing a sequence of strokes. That is, the stroke sequence 
D P B is represented by the codes 01, 1001, 11, in that order, but the 
commas between these codes are not needed. The accumulated total 


TABLE II. 


Stroke Code Stroke Code 
B 11 1 10000101 
D 01 00001001 
G 101 10000001 
E 001 N 0000001 1 
i 1001 00000001 
10001 100000001 
00011 / 000000101 
000101 000000001 
000011 0000000001 
000001 0000001001 
1000001 00000010001 
1000011 ‘ 000000100001 


0000101 


code 01100111 has no other possible interpretation than the stroke 
sequence DP B. Hence, when a sequence of key strokes produces 
binary code groups which are accumulated without spacing, there is no 
loss of identity. The uniqueness of all the stroke sequences is preserved 
in the sequences of binary digits which go finally to the Character 


Selector. 

Until more extensive operation of the machine has been completed, 
the statistics of Chinese writing cannot be given with complete con- 
fidence. If the entire vocabulary is studied without weighting for 
frequency of character occurrence, the median length of the full spellings 
is 10.2 strokes, and the median length of minimum spellings is 6.7 
strokes. For a relatively small sample of actual prose text the median 
length of full spelling was 8.3 strokes and that of minimum spelling was 
6.1 strokes. These figures suggest, by the sharp decrease in the length 
of full spelling, that a writer tends to select the simpler, and hence 


l : 


June, 1959.] THE SINOTYPE 487 


shorter, characters, but there can be no firm conclusion on this point 
without considerably more data. 

The effect of the use of entity keys has also been studied in small 
samples only. These studies indicate that the effect of using entity 
keys is to reduce minimum spelling about 23 per cent, that is, to about 
4.7 strokes per character. This is a figure that compares remarkably 
with generally accepted figures for the average length of English words. 


MECHANICAL AND OPTICAL FEATURES OF THE MACHINE 


From the viewpoint of the operator, the basic input to the machine 
is the keyboard of an electric typewriter. The keys are marked with 
Chinese strokes, entities, punctuation points, and the few special 
symbols previously discussed. When the operator types a sequence 
of strokes, these are written in single-line fashion on the paper in the 
typewriter—not the normal way to write a Chinese character, but a 
valuable feedback, nevertheless, to the operator as to the accuracy of 
the input.° 

When the machine receives enough of the stroke sequence to identify 
the desired character, the keyboard is locked as a signal to the operator, 
and an enlarged image of the selected character appears on a ground- 
glass screen near the operator. If the character selected is the correct 
one, actuation of the PHOTOGRAPH bar first projects the character 
on the film and then simultaneously resets the Code Accumulator and 
the Character Selector, returns the Character Matrix to its standby 
position, and prepares the optical system to project the next character 
in its correct position on the film. 

If the selected character is not the correct one, actuation of the 
CANCEL key initiates the same resetting operations but does not 
change the projection position on the film. 

In both cases, the operator is free to resume keyboard operation, 
either to select a new character or to correct an error. No modification 
is required when a character is found by the special keyboard action 
required to resolve ambiguity or to designate an ‘tend of word,’ as 
previously discussed. Once a character is displayed on the screen, the 
operator either accepts or rejects it and goes on in the appropriate man- 
ner from there. 

There are other important controls available to the operator. One 
of these rotates a lens turret to permit the selection of 9-, 12-, 18-, or 
28-point composition size. Circuits which are modified by the turret 
position automatically change the spacing between characters and be- 
tween lines, on the film, to correspond with the point size selected. 
Another control permits the operator to select any of cight lengths 


® It was not considered desirable in this model to introduce a procedure to “correct” an 
error by deleting an incorrect stroke and introducing the correct one. Instead, the operator 
actuates a CANCEL key and starts the stroke sequence from the beginning. 
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of a line of composition, between 0.755 and 6.038 in., with intervals of 
0.755 in. When the last character in a line is composed, the automatic 
control circuits return the prism carriage (to be discussed later) so that 
the next character is at the beginning of a new line, and also move the 
film the amount required to provide the correct distance between lines. 
This spacing between lines, known as “‘leading,’’ also depends upon the 
point size of the composition. 

A unique feature of the control is the provision for changing at will 
from composition which reads in the older Chinese manner from top to 
bottom of columns arrayed from right to left on the page, to the more 
frequent modern manner of reading from left to right in rows arrayed 
from top to bottom on the page. Each character is displayed right- 
side-up on the operator’s view screen, and normally the characters are 
projected to read from left to right in rows. However, by the introduc- 
tion of a Dove prism in the optical path, the operator can rotate the 
characters 90° in a counter-clockwise direction (without rotating the 
display on the view screen). When the machine is now operated 
normally the effect is to convert the lines 


TTTTTTTTTT 
AAAAAAAAAA 


to the lines 


e 


If the page is now turned 90° in the clockwise direction it is apparent 
that the converted left-to-right reading lines have become right-to-left 
reading columns. 

The Dove prism required for character rotation is located per- 
manently in the optical path and its rotation is controlled by the opera- 
tor by the use of a two-position switch. 

A simplified diagram of the basic optical system is shown in Fig. 12. 
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Each of the four (fixed) turret lens is adjusted so that any character 
brought to the optical axis of the system lies in the focal plane of the 
lens in use. When illuminated, the image of the character is at infinity ; 
that is, the light leaving the fixed lens is collimated. This light is 
reflected through an angle of 90° by a prism, after passing through a 
lens mounted on a movable carriage. ‘This second lens is maintained 
in a fixed position on the carriage, relative to the prism. 

If a sheet of photographic film or paper is placed at the focal plane 
of the second lens, the original image is brought to focus. Moreover, 
the carriage may be moved parallel to the film and the projected image 
will remain in focus. Thus a relatively large supply of film can be 
stored in a magazine, with no need to move the film except to provide 
the leading between lines. 

Two important elements of the optical system are not shown in 
Fig. 12. One of these is the Dove prism for rotating the image; this is 
located in the collimated beam close to the lens turret. The other is 
the shutter for exposing the selected character, together with an 
interlocked member carrying a prism for intercepting the image of 
the character and displaying it to the operator prior to photography. 

The shutter is a simple plate containing an aperture, mounted on 
a pivoted arm, and passing between the matrix and the fixed lens. 
The intercepting prism is mounted on another pivoted arm and passes 
between the matrix and the shutter. When a character is located, the 
prism is first swung into position to intercept the light from the matrix 
for display to the operator (using an auxiliary optical system.) In 
this viewing position the prism mount prevents any light from reaching 
the fixed lens, so the shutter can be moved against a spring into the 
“ready” position without making an exposure. If the operator calls 
for PHOTOGRAPH, the elements of the system are interlocked so 
that first the prism returns to its standby position, after which the 
shutter, under spring drive, sweeps its aperture across the image to 


be more exposed. 

If the operator gives the CANCEL signal, the prism member remains 
in its obstructing position while the shutter returns to the standby 
position. This action then permits the prism to return to the standby 
position with no exposure of the character. 

A major mechanical element of the machine is the escapement which 
controls both the spacing of characters along a line and the leading 
of the film from one line to the next. Since these movements depend 
upon the size of the characters being composed, the mechanism must 
provide a variable escapement. This variation, however, need occur 
only in discrete steps. In the design, therefore, steps of 1, 2, and 4 
units of spacing or leading can be released by associated half-turn 
clutches, actuated either singly or in any combination. ‘These contribu- 
tions are combined by planetary differential gears with the result 
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that any escapement from 1 to 7 units is obtained, depending only on 
what combination of clutches is activated. Since the amount of escape- 
ment is established by the point size required, the clutch combination 
is set up by switches which are operated by appropriate cam lobes 
mounted on the lens turret. 

An interesting feature of the escapement design is the method of 
avoiding high acceleration stresses in the prism carriage or in the 
film magazine.” The input to the escapement is a linear combination 
of a constant-speed rotation and an oscillatory rotation which is 
approximately sinusoidal in its variation, and which has a maximum 
rotational speed equal to that of the constant-speed component. When 
these two components are combined by a differential gear, the resulting 
input to the escapement has zero speed and zero acceleration at intervals 
determined by the frequency of the oscillatory component (five times 
per second.) Since the escapement clutches are phased mechanically 
so that they engage and release only at these zero-speed points, all 
shock to the load is avoided. 


THE CHARACTER MATRIX AND ITS CONTROL 

All vocabulary characters are contained in the matrix, an array of 
50 columns and 48 rows. A portion of the matrix is shown in Fig. 13. 
Since each column-—row intersection is a character “‘cell,’’ the matrix has 
a capacity of 2400 characters. Some of the spaces are occupied by 
punctuation points, and many are occupied by the duplications of 
characters required to accommodate alternative spellings, as previously 
discussed. However, within the 2400 possible spaces there are 2333 
different characters, all accessible by direct keyboard operation. 

One character, located in the first column and the first row (see 
lig. 13), is rather interesting. It was chosen because its somewhat 
complex structure makes it especially suitable for use in focusing the 
optical system. One of its meanings is ‘‘to adjust’’—which was about 
as near the meaning ‘‘to focus” as the vocabulary contained. 

But the position occupied by this character is of more immediate 
interest than either its structure, or its use in making optical adjust- 
ments. After each exposure of a character on film, the matrix is 
returned to a standby position to await the next horizontal and vertical 
coordinate signals which bring a newly selected character onto the 
optical axis. In the standby position the column 1— row 1 area of 
the matrix is the one nearest to the optical axis. When the Character 
Selector signals that a character has been located, servomotors begin 
driving the matrix both horizontally and vertically, at approximately 
equal coordinate speeds, until solenoid-actuated stop pins are reached. 

These stop pins are selected by the Character Selector circuits and 


” It should be noted that, using a system of output clutch s and controls, one escapement 


mechanism serves for both spacing and leading. 
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Fic. 13. A portion of the matrix. 


the matrix is simply driven at full speed until they are encountered. 
If the horizontal pin is reached before the vertical pin, horizontal 
motion stops and the matrix frame slides along the horizontal stop pin 
until the vertical pin is reached, and vice versa. 

This means that, assuming equal horizontal and vertical components 
of speed, the time required to move any character in the matrix from 
its standby position to the optical axis depends only upon its further 
distance, either horizontally or vertically, from that axis. 

The column 1-—row 1 position is closest to the optical axis, and 
hence contains the character which requires the shortest possible time, 
after it has been selected, to appear on the operator’s viewing screen. 
All characters in column 2 and/or row 2 likewise require approximately 
equal times to arrive at the optical axis. Generalizing, all characters in 
the nth row or the mth column are equidistant from the optical axis, 
under the assumption that the horizontal and vertical drive speeds 
are equal. 

These considerations, together with the measured frequencies of 
occurrence of Chinese characters govern the makeup of the matrix. 
Each character of a given frequency is placed in a column — row location 
for which neither coordinate is larger than that of a character of smaller 
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frequency. The result is that the more frequent characters are 
“clustered”’ column-wise and row-wise about the column row 1 
position. In terms of machine operation, the more frequent characters 
are brought to the operator's viewing screen more rapidly than the less 
frequent characters. Incidentally, the design objective of this machine 
is to have any character appear within one second after its selection. 


CODING, SELECTION AND CONTROL CIRCUITS 


The tasks described in the preceding sections are, no doubt, of 
formidable magnitude and scope; they seem scarcely within range of 
solution without the aid of a modern and elaborate digital computer. 
But a solution requiring such extreme measures is meaningless in terms 
of making keyboard composition practicable for that enormous human 
population that uses Chinese characters to transmit and_ record 


information. 

Fortunately, the relatively recent growth of powerful concepts in 
information theory and a better understanding of switching circuits 
has made possible a more penetrating approach to problems of this 


magnitude. !! 

It is neither feasible nor necessary to present and discuss the full 
details*of the switching circuits of this machine. Much of the circuit 
structure is repetitive, so that a small sample is representative of the 
whole. ‘The emphasis in this discussion will be on the way stroke codes 
are produced, transmitted, and accumulated to form character codes. 

Table Il shows that a single stroke requires the generation of a 
binary code containing from 2 to 12 digits. However, there are 20 
entities available on the keyboard. Each of these is a sequence of 
strokes, so an entity code must be generated as a sequence of the codes 
representing the individual strokes. For example, the entity consisting 
of the stroke sequence D P B must contain, in the prescribed order, 
the code for D (01), P (1001), and B (11). Hence, when the D P B 
entity key is actuated, the code 01100111 must be transmitted to the 
Code Accumulator. 

It is a noteworthy characteristic of the minimum-redundancy code 
used that, although the 20 entities available on the keyboard contain 
at least three and at the most seven strokes, the maximum length of an 
entity code is only 17 digits, compared to 12 digits for the maximum 
length of a single stroke code. The keyboard unit of the machine must 
therefore be capable of transmitting, in response to a single key opera- 
tion, binary codes of from 2 to 17 digits in length, and the Code Ac- 
cumulator must be capable of receiving these codes, and of combining 
them in sequence to form character codes of up to 68 digits in length. 


" Huffman’s work on the construction of minimum-redundancy codes is used importantly 
For the general aspects of switching circuits, see S. H. CALDWELL, 


in the design of this machine. 
“Switching Circuits and Logical Design,’” New York, John Wiley & Sons, Inc., 1958. 
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The electric typewriter in this machine has two normally-open 
contacts associated with each key, one for each shift position. These 
contacts close when the key is depressed and are used to generate 
stroke codes in the manner illustrated by the partial diagram of Fig. 14. 
There are 17 output terminals of which only the first three, 7), 7», 
T;, are shown. ‘Terminal 7, always carries the first digit on the left 
of a code, regardless of its length; 7, carries the next digit to the right, 
and so on. The digit ‘‘1’’ in a code is represented by grounding the 
appropriate terminal, and the digit ‘‘0”’ is represented by not grounding 
the terminal. 


| ACTUATED BY TYPEWRITER KEYS 


KG 


Fic. 14. Generation of stroke codes. 


In Fig. 14 the circuits for generating the stroke codes B (11), 
D (01), G (101), and E (001), are shown. The actuation of any key 
causes the input KG to be grounded. Then through the individual 
contact closed by the key this ground is distributed to all the terminals 
that correspond to the 1’s in the code. Rectifiers must be used in each 
distribution line to prevent the generation of false codes. For example, 
terminal 7, is grounded for either the 11 code of stroke B, or the 01 code 
of stroke D. However, without the rectifiers, if the D contact is closed, 
ground would appear not only on 7», but it would ‘‘back up” through 
the connection from B to 7, and thence appear, incorrectly, on 7). 
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Stroke codes thus generated appear on the terminals 7,, JT, --- Ty; 
of the schematic diagram of the Code Accumulator shown in Fig. 15. 
These terminals are the inputs to the A register where the stroke code 
is temporarily stored. Each stroke code is then read out of the A 
register as a time sequence and read into the F register to form the 
ensemble which becomes the character code. This operation is controlled 
by the synchronous stepping action of the B — Cand D — E chains which 
ensures that the input and output link circuits connect each position of 
the A register to the correct destination position in the F register. 
When the first stroke of a character appears, the B- C and D-E 
chains both start in the first digit position and step synchronously to 
the nth digit position, at which point the A register is empty. The 
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Fic. 15. Code Accumulator. 


B-C chain then returns to the first digit position and the D — E chain 
advances to the (m + 1) digit position. Consequently, when the next 
stroke appears in the A register, its first digit is transmitted to the 
(n + 1) position in the F register, after which the remaining digits are 
transmitted to successive positions in the F register. After each stroke 
code is read out in full, the B — C chain returns to the first position and 
the D — E chain advances to the next digit position. 

The F register transfers its information directly to the Character 
Selector. Actually, the F register is needed only to receive and store 
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code digits at high speed so that they continue to be available to the 
Character Selector which operates at relatively slow speed. 

The Character Selector can receive codes up to 70 digits in length. 
Since only about 15 per cent of the characters require more than 35 
digits, a special changeover circuit is used so that after the F register 
receives the first 35 digits, and has transmitted them to the Character 
Selector in positions 1 to 35, the F register releases all previously stored 
digits and becomes reconnected to serve positions 36 to 70 in the 
Character Selector. The same changeover circuit also resets the D— E 
chain from position 35 back to position 1. 

In the circuit diagrams now to be discussed, relay coils are designated 
by capital letters and subscripts ; contacts on those relays are designated 
by corresponding lower-case letters. Normally open contacts are 


GR AP 


B, C, 


TO AUTO-PULSE 
CIRCUIT 


Fic. 16. Typical section of a stepping chain and associated pulse generator. 


marked by unprimed designators and normally closed contacts have 
primed designators. 

At the left of Fig. 16 is a diagram of the first three positions of the 
B-—C stepping chain. In normal operation the input GR is solidly 
grounded and the input AP receives a pulsed ground. All relays are 
released when the GR ground is removed. 

Assume that all relays are released and that there is a ground on 
GR only. No relays can operate because the ) contacts between each 
B-C pair are open. If ground is now applied to the AP input it 
operates B, through the c,’ contact. Contact 5; now closes but relay 


-- 
; = 
b 
4 
Bo Ce b 
fe: 
, 
c2 
4 b 
3 
Bs bs Cs 
, 
C3 
C3 Ce 
— 
; 
t 


496 SAMUEL H. CALDWELL J. F. 1. 


C, does not operate because it is grounded at both coil terminals. If 
the AP ground is now removed C;, operates in series with B,, and the 
c,’ contact opens in the B,—C, circuit. These two relays will remain 
operated until the GR ground is removed. The operation of relay 
Ci, however, closes the c, contact in the next stage and enables the AP 
ground to reach relay B». 

When a ground is alternately applied to and removed from the AP 
terminal of this chain the relays operate and hold in the sequence 
B,-C,-B.-C:-—B;-—C;, etc. At the right of Fig. 16 there is a 
section of a contact network which produces a ground to indicate that 
the chain has reached the point where a relay B, has operated and relay 
C, has not operated. The D-—E chain is of exactly the same structure 
as the B — C chain and it also contains a circuit to show when D,, has 
operated and £,, has not operated. These two pulsed grounds generated 
by the two chains may not be in exact synchronism because of variations 
in relay speeds. They are used, however, as the inputs to an auxiliary 
circuit which has the AP pulse as its output, and which requires that 


Ti 
TRANSFER BUS 


A REGISTER = INPUT LINK 


Fic. 17. Sections of the A register and the input link. 


both chains reach corresponding conditions before allowing the AP 
signal to change. Thus the two chains must operate synchronously 
and they generate the signals which permit this operation at maximum 
speed. 

At the left of Fig. 17 is a section of the A register. A ground 
appearing on a terminal T,, causes A, to operate and to remain operated 
through the a, and c,’ contact path. 

The operation of any relay in the A register causes the B — C and 
D-— E chains to begin stepping. As the B — C chain steps, the operation 
of its successive C relays releases the A relays. Since the last code 
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digit is always a “‘1,’’ the release of the last A relay signals the fact that 
all digits have been read out. ‘This leads to the resetting of the B— C 
chain as previously described. 

In the process of scanning and clearing the A register the circuit at 
the right of Fig. 17 examines the contents of the register for ‘‘1’’ digits 
and for each of these it transmits a ground, at exactly the right time, 
to the F relay which has been connected to the transfer bus by a similar 
circuit, using contacts from the D-— E chain. It will be noted that if 
any A relay is operated ground will propagate through its closed a 
contact only at the moment when the B — C chain has the corresponding 
B relay operated and the C relay not operated. At the F register, each 
F relay coil connects to the transfer bus through d and e’ contacts in 
series. Operation of an F relay occurs then if the A relay is operated 
and if the two stepping chains are in the condition B and D operated, 
C and E not operated. The auto-pulse system assures that the two 
chains must always be in this phase simultaneously. 


THE CHARACTER SELECTOR 


The Character Selector must receive from the F register the accu- 
mulated character code and deliver as its output information which 
describes the horizontal and vertical coordinates of the selected char- 
acter in the matrix. To take full advantage of the facts brought out 
by the systematic study of Chinese writing, the Character Selector 
must produce its output on the basis of minimum spelling. This means 
that the device must respond to input codes varying in length from 7 
binary digits to 68 digits (it was built with a capacity of 70 digits 
simply to provide some allowance for error in the spelling of the longest 
characters). 

Numerous ideas have been explored in the design of this device. 
Most of these have been mechanical rather than electrical. Two of the 
mechanical versions have looked rather promising in small-scale 
mock-ups, but full-size considerations revealed serious problems of 
manufacture, particularly in the control of tolerances. 

Electrical solutions are not conspicuously better. The construction 
tolerances can be broadened but other problems arise. Nevertheless, 
it was finally decided to proceed with a relatively simple electrical 
solution for the present model, realizing that it was by no means an 
ideal solution. 

Essentially, the procedure is to set up 2400 contact networks, only 
one of which is closed upon the introduction of a valid stroke sequence 
(or the depression of a punctuation key). In order to do this it is 
necessary to arrange, for each character, a series connection of contacts. 
Whenever a digit in the character code is ‘‘0’’ a normally-closed contact 
must be used. But if the code digit is “1’’ a normally-open contact 
must be closed by a mechanical movement. 
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These conditions can be satisfied entirely by relays, but even using 
the multi-contact types now available an extremely bulky system is 
involved. The method finally adopted uses a special design for the 
contact control of the first 40 positions in the character code. Beyond 
this point, commercial relays of progressively decreasing contact 
capacities are used. 

A type of multiple-fingered contact strip developed for use in joining 
segments of radar wave guides was adapted to form the contacts for 
the first 40 positions of the character code. This contact strip was 
produced on punch presses in continuous strip form, as illustrated in 


Fic. 18. 


Fig. 18. Originally produced with all its contact fingers uniformly 
spaced, the manufacturer made special dies to produce the strips with 
the fingers spaced in groups of three. These strips were than held in 
special fixtures and cast in epoxy resin plates in parallel rows so that 
the contact fingers protruded from the epoxy, with the contact surfaces 
of each pair of rows facing inwards. After casting, the longitudinal 
strip, to which the contact fingers are attached, is removed. 

Between each pair of rows a strip of insulating material is introduced. 
This strip has segments of conducting material on its surfaces adjacent 
to the contact fingers. The conducting segments are arranged so that 
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A B 


Fic. 19. A simplified matrix. 


if the strip is not moved from its normal, or undisplaced, position 
contact is established between the center of each group of three fingers 
to one of the outside fingers. This is considered the position correspond- 
ing to a “0” in a character code. If the digit ‘‘1”’ is received, the strip 
is moved so that its conducting segment establishes contact between the 
center finger and the other outside finger. 

By this process thousands of transfer contacts are built within 
relatively small dimensions. The fact that only normally open or 
normally closed contacts are needed is immaterial; it is cheaper to 
build all the contacts as transfer contacts and use only the normally 
open or normally closed part of each. 
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Fic. 20. Basic circuit for matrix control. 
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Fic. 21. Over-all view of machine. 


Thus the means for establishing unique conducting paths for each 
of 2400 input codes is obtained. It is not an ideal solution of the 
Character Selector problem. The load on the switches is so large that 
for the first 40 digits of the code it is necessary to use pneumatic control, 
at air pressure of 140 psi. to move the sliding switch elements. 

Better solutions are not only probable—they are apparent as of 
this writing ; but more development is needed to make them practicable. 

To complete the description of the conversion of a character code 
to a coordinate code, we refer to Fig. 19. There we consider the highly 
simplified problem of locating a character in a matrix containing only 
three columns, A, B, C, and three rows, X, Y, Z. Each of the nine 
possible characters is selected by closing a circuit. This situation is 
represented in Fig. 20 by the switches numbered from 1 to 9. On the 
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left the various possible paths are grouped to pass through coils X, 
or Y, or Z, which are solenoids actuating the vertical stop pins of the 
matrix control system. At the right of Fig. 20, the possible paths are 
grouped to energize solenoid A, or B, or C, which actuate the horizontal 
stop pins of the matrix control. The extension of this idea toa 50 & 48 
matrix is complex, but obvious. 

In Fig. 20, the relay K, in series with the power supply, is actuated 
if any character is located. This relay carries a number of contacts 
which initiate many of the functions of the machine. It is not respon- 


Fic. 22. View showing operator's position. 
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sible, however, for the raised eyebrows of the operator who finds the 
machine displaying the desired character before he completes its spelling. 


CONCLUDING REMARKS 


This machine is by no means the final answer to the problem, but 
it does represent an important forward step. Its greatest importance is 
that it demonstrates that the objective of composing Chinese from a 
keyboard is possible. 

The machine as a whole is shown (during final assembly) in Fig. 21. 
In Fig. 22 the operating position is shown. 

Many will wonder why this work was ever done or why our military 
establishment devoted substantial funds and attention to the project. 
The answer to this question seems simple and clear. In selling the 
idea to the military authorities, the writer had only one real argument. 
To be sure, it was a fascinating project, but mere fascination was not a 
sufficient reason for supporting it. The argument that counted was to 
the effect that a machine for composing Chinese would improve commu- 
nication among men, and that no improvement of communication ever 
harmed the cause of peace among men. The writer is burstingly 
proud of the way the military establishment of the United States of 
America has supported, both in funds and in enthusiasm, this project 
to wage peace. 

Many individuals have contributed their efforts both in establishing 
this project and in carrying it to a demonstrable realization. Dr. 
Vannevar Bush and Mr. W. W. Garth, Jr., were constantly working 
to obtain recognition and funds for the project. Within the Graphic 
Arts Research Foundation, Mr. Robert G. Crockett has carried a 
heavy burden of administrative effort which has freed the writer to 
concentrate on technical problems. Mr. T. S. Bonezyk and Mr. 
Matthew Griffin of the Quartermaster Research and Engineering 
Command at Natick, Mass., have been especially helpful in ironing out 
the administrative snags of a government project. Mr. Harold Cotner, 
who moved from Natick to a Washington assignment, has maintained 
an unrelenting concern for this endeavor. _ It is difficult to be sufficiently 
appreciative of such unstinted collaboration. 


A REDUCED SOLUTION FOR THE SIMPLE PENDULUM: 
NEW APPROACH TO ELLIPTIC FUNCTIONS 


BY 
LOUIS GOLD! 


ABSTRACT 


A novel attack of the simple pendulum leads to the discovery of a powerful 
manner for characterizing elliptic functions. In particular, elliptic functions of the 


first kind are expressible in terms of a fractional power series Y dn4:¢"*"/? where ¢ is 
n=0 


an angular displacement variable and the a; coefficients derive from an appropriate 
inverse differential equation for the pendulum motion. The correspondence between 
such a power series and the conventional elliptic integrals is pointed out. 


A novel method for solving the classic simple pendulum problem is 
presented here which introduces an alternative manner for expressing 
elliptic functions. Thus, a concise power series replaces the conven- 
tional elliptic integral (or its series expansion) which turns out to be 
more amenable for numerical evaluation. The formalism is closely 
allied to that already developed in connection with inverse Bessel 
functions.? 

This discovery has general significance in the domain of elliptic 
functions of all kinds; but, treatment here will be restricted to elliptic , 
functions of the first kind which associate with the pendulum. 


DEVELOPMENT OF THE INVERSE SERIES ANALYSIS 


Various ramifications of the conventional theory of the simple 
pendulum are amply described in the literature.’ Here attention is 
focussed on the oscillatory solution only, where the prevailing boundary 
conditions are 


t=0, d0/dt=0, 0=A< 


It is convenient at the outset to deal with the modified variables 


= 6 — (1) 


' Edgerton, Germeshausen and Grier, Inc., Boston, Mass. 
2L. Gold, J. Math. and Phys., Vol. 36, p. 167 (1957). 
3 W. D. MacMillan, “Statics and the Dynamics of a Particle,” New York, McGraw-Hill 
Book Co., Inc., 1927, first edition, p. 310 et seq. 
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whereby the standard pendulum equation assumes the form 


1? 
+ — sin (@ — Oo). 

dr? 
Now an inverse solution r = f(¢) may be found by noting that 


dp — f''(o) 
dr [ f’(@) 


whence the inverse differential equation for (2) becomes 
+ sin (6) — = 0. 
Integration of (4) leads to the first order equation 
PLcos (00 — ¢) — — 3 = 0 (5) 
for which an indicial series solution is next posed : 
tT = f(d) = aid’ + (6) 
The value v = } follows from the boundary conditions, while p = 1 is 
prescribed by direct substitution of (6) into (5). 
Thus the inverse solution has the character 


where the a, 


( y) 2 i 


60 sin Ay 32 sin + » etc. 


are evaluated in the manner of Appendix I. 


(8) 


DELINEATION OF THE PERIOD FROM THE INVERSE POWER SERIES 


kor the initial conditions stated, the period T follows from the cir- 
cumstance ¢t = |7 for @ = 0, whence there obtains according to (7) 
and (8) 


T=4 (9a) 


| 
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wherein the series S(6o) is given by 


S(00) = (3 i+ Oo sin 


= ( ) ‘| ( 
+ ail sin 0, + + (9b) 


Note, significantly, the absence of the characteristic quantity 7 in 
this alternative relation for the period; the conventional expression is 
stated below for comparison : 


pa + k? = sin? (10) 


If the small amplitude limit @, — 0 is considered, the equivalence of 
Eqs. 9 and 10 may be readily demonstrated. 
Hence it follows that 


= = (11) 
g g 


lim 


in which the numerical series S(O) is 


3 


(12) 


with the higher members more simply determined by dealing directly 
with the small amplitude solution as described in Appendix II. It turns 
out then that the general form of (12) can be expressed in this manner : 

2n — 1 1 


(13) 


The Cauchy ratio test reveals that the series S(0) is rapidly convergent 
with 


(2n + 1)? 


1 
Ges 3)(2n — 1) (14) 


whereby the bounds on r evidently are 


Furthermore, the finding (11) offers a convenient means for calcu- 
lating the value of w (in what may prove to be a better operational 
manner) via 


= 2v2S(0) (15) 


i ay 

; 

2 

: 

; 

} 

¢ = 

i 


506 Louis GoLp [J. F. 1. 


since as already pointed out the series (13) is rapidly convergent; not 
to be overlooked is the inherent improvement of (13) over most inverse 
trigonometric series expansions. 


COMPARISON BETWEEN FRACTIONAL POWER SERIES AND ELLIPTIC INTEGRALS 


Before entering into this matter, it is important to observe the dis- 
tinction between the @ value at ¢ = 0 for the present analysis and the 
conventional one, thereby avoiding confusion. With this in mind, 
it is helpful to denote the angular variables for the two cases by the 
subscripts s and = which associate, respectively, with the elliptic 
integral form and the present one. Thus, the needed quantities are 

sin = = sin = 


2 2 


oz = 0, — Ox, = 0 (fractional power series) 


sin ¢,, 0, (elliptic integral) 


with the simple result 


— 6,. (16) 


Now the fractional power series (7) may be equated with the in- 
complete integral of the first kind: 


or explicitly 


n=O 0 V1 k? sin? 2 


Then, cognizant of the result (16), the complete integral correspondence 
has 


r/2 dd, 
K = f > Ons 100"t!/2, (18) 


v1 k? sin? n=( 


At this juncture, the superiority of the new means for expressing the 
elliptic functions clearly emerges. It will be recalled that the complete 
elliptic function as utilized in (10) derives from the power expansion of 
the elliptic integral in (18), followed by the application of Wallis’ 
formula. The fractional power series is particularly valuable for the 
incomplete elliptic functions since the sum in (17) is intrinsically much 
easier to deal with than the equivalent integral. 


| 
= 
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CONCLUSION 


The inverse solution is invoked for the pendulum problem because of 
its convenience for determining the period of oscillation. The frac- 
tional power series form permits straightforward deduction of the cus- 
tomary non-inverted solution. A reversion analysis as carried out in 
Appendix IIT reveals that the power series for ¢(7) given by 


(7) = t(bir + bor? + br? + (19) 


satisfies Eq. 2 for the required initial conditions with the 6; related to 
the a; of (8) as follows: 


b, = — 


As demanded by the physical nature of the pendulum phenomenon, the 
parity of tr and —r necessitates that the even coefficients }., vanish. 
Hence the elaborated solution for @ becomes 


~ 0 COS? Oy — . 
(sino) + (jg sin 20) + 549 sin (21) 


which for the limiting case of small amplitudes, where 6, — 0, reduces to 


(22) 


The series (21) evidently corresponds to cos 7 in accordance with the 
anticipated simple harmonic motion having the periodicity defined by 


=2rorl =2r 


APPENDIX I 


The a, coefficients derive as follows: 
5 
4 


a 1 3 a 5 


| 

ds 

ay, a, 

b=b,=b.,,=0, n= 1,2,3,-->. (20) 
: 

4 9 1 1 

| 2 24 720 
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‘ 1 3 9 5 1 
3 
9 9 
+ a;? + + ae, — ads ) 
. , 1 3 9 5 1 1 
Cf’ sin = + 7 € a? + a\a3 — he 
‘ 3 


Equating coefficients leads to 


1 
a;? cos — cos 0, = 0 


1 
\42 COS — = 0 


1 
Const: COS + 4 a;? sin 09 — 


2 


3 
2 
9 1 3 : 9 5 


4 
7 5 3 


(Ge 4. — sin 65 — € aya, + ) = 0. 


Thus the values given in (8) are arrived at. 


APPENDIX II 
Characterization of the series S(O) resulting from Eq. 9 in the limit of 4) — 0 may be per- 
formed by applying the expansion procedure directly to d0/dr? = — 6. Thus Eq. 7 now is 
the solution for 
— (@ — = 0 
whereby as in Appendix | the coefficients evaluate from 


1 1 
4 a, + = () 
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» + g Do gt" = 
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etc. In place of (8), then, there obtain 


1 


APPENDIX III 
To invert the series (7), it is helpful to first convert to the result 
= + + (a2? + + 2(aiay + + 
Then from the expansion (18) there calculate 
+ 2b bor? (b.? + 2(bibs of + 
= 73[b,373 + 3b2bort + + + 
= ri[bitrt + + + 4b,3b3)7® + 
Hence equating coefficients produces 
2; ab, = 1 
= 0 
a,b, 4ajaob = () 
aybs + 2a + + (a9? 2a,a3)b;3 = () 
+ 4ajao(byby + bobs) 3b + 2a,a3) = 0, 


from which the results in (20) follow. Explicitly the terms in (21) contain 


= = — sin 205 


2 48 


sin 09 
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Tiny Logic Circuit Elements.—Sci- 
entists of the Radio Corporation of 
America are developing a new type of 
miniature device that represents an im- 
portant step toward an ultimate goal 
of electronic computer components ap- 
proaching the compactness of those in 
the human brain, Dr. Irving Wolff, 
Vice President, Research, RCA Labo- 
ratories, announced recently. 

Dr. Wolff said application of a new 
concept of “integrated electronics” has 
enabled scientists to create a logic cir- 
cuit element—the basic building block 
of computers—so compact that up to 
100,000,000 such elements might be 
crammed into one cubic foot. Logic 
circuits are used in various arrange- 
ments in computers to calculate, sort, 
‘remember’ and control the flow of in- 
formation. Present conventional logic 
circuits employ several types of de- 
vices including tubes or transistors as 
active components to amplify electri- 
cal signals, and resistors and con- 
densers as passive components to vary 
the flow of current. 

Dr. Wolff pointed out that in the 
concept of integrated electronics a 
complete set of circuit functions, in- 
cluding those of both the active and 
passive elements, is built into a single 
extremely small piece of solid material, 
such as silicon. The new logic ele- 
ment, he said, is an example of this 
approach. 

The application of the integrated 
electronics concept toa logic system for 
computers was described by Dr. J. T. 
Wallmark and Mr. Sanford M. Marcus, 
who are carrying out the development 
work. They said that the advent of 
the transistor, with its small dimen- 
sions and low power requirements, al- 
ready has led to a major advance in 
electronic techniques of replacing or 
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complementing mental processes, as is 
done in computers and automation 
equipment. However, they said, ‘‘the 
ultimate potential of the transistor in 
this respect has not yet been deter- 
mined and certainly not yet reached.” 

Dr. Wallmark and Mr. Marcus em- 
phasized that the means of realizing 
this potential is the application of the 
integrated electronics concept, using a 
device known as a uni-polar transistor 
in an extremely compact computer 
logic system. 

The two RCA scientists reported 
that they have now developed and 
tested in the laboratory an integrated 
logic element that can be formed of a 
piece of silicon measuring only .0000 46 
cu.in. By the use of numbers of such 
elements assembled in various arrays 
in the manner of a jig-saw puzzle, ac- 
cording to the scientists, all of the 
functions of present conventional logic 
elements can be performed without 
the use of separate components. 

They explained that external con- 
nections would still be needed between 
different arrays, as well as to the power 
supply and the input and output sys- 
tems. Since the integrated logic sys- 
tem consists of small flat wafers, they 
said, these connections can be made 
by simple printed circuits. With this 
type of construction, the scientists 
added, extremely versatile assemblies 
might be built in ‘‘sandwich”’ fashion, 
with layers of silicon alternating with 
layers of printed circuits. 

They pointed out that continuing 
research may lead to the use of im- 
proved materials other than silicon, 
such as gallium arsenide and indium 
phosphide, which have the ability to 
perform more efficiently at the higher 
temperatures that would be encoun- 
tered in densely packed miniature 
systems, 
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THE HUMAN OPERATOR AS A SERVO SYSTEM ELEMENT* 


BY 


DUANE T. McRUER! AND EZRA S. KRENDEL ? 


Part II** 


Operator Describing Functions in Compensatory Tasks with Controlled 
Element Dynamics 


The next step in a logical development after exhausting the Y, = 1 
case would be to delineate the effects upon the operator describing 
functions due to increasingly complex controlled element dynamics, 
together with a full coverage of forcing function conditions. Unfor- 
tunately a complete experimental basis for such a presentation does not 
yet exist. 

The primary experimental work with controlled elements has been 
done by Tustin (18),* Russell (16), Goodyear Aircraft (19-22), Hall (23), 
and The Franklin Institute (1, 17). 

Tustin’s study was a pioneering effort, but was quite short and 
limited in scope. While three different controlled elements were used, 
they had very similar dynamics in the frequency range of interest. 
He introduced the remnant concept, presented some information on it, 
but left the total remnant picture relatively incomplete. Russell's 
study, which is a logical extension of some of Tustin’s notions, considered 
a progression of increasingly complex controlled element characteristics, 
with the primary emphasis of the experimental work being placed upon 
the operator’s describing function. Remnant characteristics, in a spec- 
tral form, were not thoroughly explored but their effects were revealed 
to some extent in some cases by total remnant power and error power 
data. The Franklin Institute F-80 Simulator studies are completely 
documented in terms of both describing function and remnant charac- 
teristics. In these tests the controlled element dynamics were those of 
an F-80 aircraft and target in a constant range tracking task—by far 
the most complex situation studied in detail to date. Finally, Hall's 


Contracts AF 33(616)-3080, AF 33(038)-10420, AF 33(616)-2804, AF 33(616)-3610, and 
AF 33(616)—5822, monitored jointly by the Flight Control Laboratory and the Aero Medical 
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** Part I appeared in this JoURNAL for May, 1959. 
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data fill in many of the gaps in controlled element characteristic types, a 

* This research was supported in whole or in part by the United States Air Force under Beri, 

i 


512 D. T. McRuer ann E. S. KRENDEL [J. F. 1. 


and include a survey for conventional short period airframe charac- 
teristics. (These latter are not included in the present paper.) His 
data, being the latest gathered chronologically, include several system 
parameters not measured previously as well as pilot opinion ratings for 
the various controlled elements. 

The results of fitting these data using criteria similar to those de- 
scribed previously together with other pertinent information, are shown 
in Tables IV and V.4. The controlled element transfer functions are 


TasLe 1V.—Summary of Operator Describing Functions in Compensatory Tasks with Various 
Simple Controlled Elements, Random Appearing Forcing Function. 


Controlled Element, Human Operator Describing Investigator, Forcing Function, 
Y-(s) Function, Y p(s) Control Task, and Remarks 
e-16f 544 Russell; Superposition of four 
1 sie at sinusoids, w;=.66, 1.68, 2.87, 


and 4.27 rad/sec. Amplitude 
(s+1) ( 4. i) envelope = Ist order binomial 

filter with corner at .85 rad/sec; 
Handwheel control with no 
restraints 


1 Se~-20f Hall; White noise through 3rd 
15 vile ist! order binomial filter with corner 
(s+1) at 1 rad/sec. Aircraft hand- 
(55 +1) wheel control with spring re- 

35 straint operated (push-pull) for 


simulated aircraft longitudinal 
100 »( s 4 ') control, lateral axis Navion air- 


15 craft dynamics were controlled 

simultaneously. Range of meas- 
( ti! i) ( i + i) urements .5 rad/sec to 3 rad/sec. 
Average p decreases from .9 to .4 


with increasing frequency. 


Russell; Superposition of four 


' sinusoids, w;=.66, 1.68, 2.87, 
and 4.27 rad/sec. Amplitude 


+ 1) envelope = Ist order binomial 
a, filter with corner at .85 rad/sec; 

Handwheel control with no 

restraints. 


4 The measured points from which the describing function experimental data in Tables 1\ 


and V were obtained are in (1). 
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TABLE 


Human Operator Describing Investigator, Forcing Function, 


Controlled Element, 


e(s) Function, Y¥ p(s) Control Task, and Remarks 
20f 41 Hall; White noise through 3rd 
1 e 4 order binomial filter with corner 


at 1 rad/see. Aircraft hand- 
° (5 +1) wheel control with spring re- 

07 straint operated (push-pull) for 
simulated aircraft longitudinal 


le a +1) control, lateral axis Navion air- 

5 B craft dynamics were controlled 
= ; simultaneously. Range of meas- 
(5; i) urements .5 rad/sec to 3 rad/sec. 

: Average p decreases from .85 to 


45 with increasing frequency. 


1200-2 5.41 Russell; Superposition of four 

(941) aM 45 sinusoids, w;=.277, .741, 1.21, 
and 1.80 rad/sec. Amplitude 

+1) envelope = Ist order binomial 
OS filter with corner at .36 rad/sec; 


Handwheel control with no 
restraints. 


Average p=.7 


20s +10 


20: s 
pj ( 
Wemall 


Average p=.9 


correct over a wide frequency band, but the human operator describing 
functions are not, since either several particular frequencies or a narrow 
band of frequencies were used in their determination. ‘To present the 
measurements in a more precise context, Tables IV and V also show the 
controlled element approximate characteristics in the frequency region 
covered by the human response data. The Goodyear results shown in 
Table V were actually obtained as an analog computer setup. These 
have been converted into Gaussian input describing function form to be 
comparable with the data from other sources. 

Tables I through V give a complete summary of the describing func- 
tion results in mathematical terms. To impart a better appreciation of 
the effects of controlled element characteristics upon the operator, we 
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TaB_e V.—Summary of Operator Describing Functions in Compensatory Tasks with Various 
Complex Controlled Elements, Random A ppearing Forcing Functions. 


ontrolied Human Operator Describing Investigator, Forcing Function, 
a Function, Y p(s) Control Task, and Remarks 


5-36 ‘+1) Russell; Superposition of four 
sinusoids, w;=.66, 1.68, 2.87, 
. and 4.27 rad/sec. Amplitude 
( +1) envelope = Ist order binomial 
4 filter with corner at .85 rad/sec ; 
Handwheel control with no 

15e restraints. Average p;=.75. 


= 7.8f = .371 
+1) 
Wn2 = 16 =.371 


Tustin; Superposition of three 
1 sinusoids, w;=.113, .34, .68 

2(.25)s rad/sec for slow input. w; =.17, 
55 +1] (ost .49, .98 rad/sec for fast input. 
Simulated tank turret tracking 
with spade grip handwheel; 
Y.(s)=1/s over the frequency 
range of measurements. Aver- 
age p =.95. The indicated 
transfer function does not agree 
exactly with that given by 
Tustin. 


Yn = 


ef Tustin; same as foregoing but 
oan € + i) no p estimate was made. 

) 
(i; +1) s+1 


te--200f 5 Goodyear (19); Superposition of 

3 four wave shapes such that the 

forcing function was roughly 

(;+1) equivalent to white noise 

1.67 2.50 . through a 3rd order binomial 

filter with corner at 2 rad/sec. 

Longitudinal control of simu- 

lated aircraft, stick with spring 

restraints. Describing function 

is an approximation to an 

analog computer set up. 


5 Goodyear (20); White noise 
+ i) Kye* © Wn +1 through Ist order binomial filter 
(54+ 1)|(55) (Ts +1) then through another Ist order 
2.4 4.2 4.2 binomial filter with corner fre- 
quency at = 4rad/sec. Longi- 
tudinal control of simulated 
aircraft, moving base pitching 
simulator, stick with inertial 
spring and damping restraints. 
Describing function form is an 
approximation from an analog 
computer setup. 


LJ 
1 
s\?.. 2¢ts 
Wy, 
i) 
3 
s\? , 2(.8)s 
+1] 
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characteristics change to a marked degree. 


56)s 
3.98 


gain constant. 
“put more into it’ or 
2. Effects of Insertion of a Simple Lag; Y. = 
are placed into the control loop the operator's transfer 
In all cases the major 
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TABLE V 


Human Operator Describing 
Function, Y p(s) 


( 


Gj 


emt!) 
( 


(Gat 
=1 rad/sec 


4 


Wee =4 rad/sec 


o=1 rad/sec 


co =2 rad/sec 


Weo =4 rad/sec 


=.6; 


an equalizing form fit; weo.=4 
rad/sec was not achieved. 


can make some general comments and observations on some of the data 
for the three simplest controlled element configurations. 


1. Effect of Gain Changes in Controlled Element; 
given forcing function the effect of gain changes in the display or the 
control, either during a run or from run to run, is almost entirely com- 
pensated for by the operator, who tends to set his gain in such a way as 
to hold the over-all loop gain at some given value. 
over-all loop gain can be effected by changes in the display gain, but 
nowhere near the amount that would occur had the operator held his 


Investigator, Forcing Function, 
Control Task, and Remarks 


Franklin Institute (1); White 
noise through 3rd_ order bi- 
nomial filter giving 3 available 
corner frequencies, w-. =1, 2 and 
4 rad/sec; Lateral control of 
simulated aircraft in tail chase, 
stick with spring restraints. 
Longitudinal axis was under 
simultaneous control. Range 
of measurements .6 to 3.6 
rad/sec. Average p=.5. 


Franklin Institute (1); Same 
forcing function and range of 
measurements as above, differ- 
ent stick spring loading. Longi- 
tudinal control of simulated 
aircraft in tail chase. Lateral 
axis under control. 
Average p=.6, A sgn function 
was an equally good fit to that 
indicated for we=1 and 2 
rad/sec, and Y,=.6e~?5* was 
“best” fit for rad/sec. 


Y,=K,. Fora 


Slight changes in 


An increase in loop gain can be the result of instruc- 


“try harder.” 


1/Ts + 1). When 
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effects were the operator’s development of a lead term in a fashion 
tending to compensate for the introduced lag, a reduction in gain, and 
probably a change in his first lag time constant. 

The following should also be noted : 


a. When the lag time constant was smaller than about 0.05 
second, the inserted lag had no effect on the describing function. 
In addition, the operator could scarcely notice the effect of the 
inserted lag on his stimulus. 

b. As the controlled element time constant was increased above 
0.05, the operator could detect a distinct sluggishness in the system. 
This became more and more prominent until values of controlled 
element lag time constant, 7°, of 2 seconds or larger were used, when 
the controlled element appeared to the operator to take on the 
characteristics of a pure integrator. 

c. When lags are initially inserted into the loop the operator 
tends to overshoot somewhat, occasionally to the point of system 
instability, until he acquires some practice. After practice for a 
minute or so, he adapts his characteristics to suitable values for 
stability. 

d. The reduction in loop gain when the lag is inserted is larger 
than required to maintain stability. 


3. Effect of Insertion of Pure Integration; Y. = K./s. With a con- 
trolled element consisting of a simple pure integrator the operator 
lowers his gain and introduces a lead which generally tends to compen- 
sate for the e-”. This change allows the over-all system to be stable, 
but is also in the direction to increase the mean square tracking error 
over that with no controlled element dynamics. The closed loop low 
frequency response is improved because of the higher over-all system 
amplitude ratio at low frequencies due to the s~! term. With a change 
in K,, the operator modifies his gain to keep the crossover frequency 
(or open loop gain) substantially constant. 


Operator Remnant Data 


By definition, the remnant is that portion of the operator’s output 
which is not linearly coherent with the forcing function, that is, which 
cannot be “explained” as the result of a linear operation on the system 
input. Since most of the available data were taken for random appear- 
ing forcing functions, it is convenient to express the remnant in terms 
of a power spectral density, ®,,. In a given situation, components of 
®,,, could result from the following sources: 


1. Operator responses to inputs other than the supposed system 
forcing function. These responses could exist in two categories, 
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a. The result of a linear operation by the operator on these other 
inputs. 
b. The result of nonlinear operation on these inputs. 

2. Nonlinear operation by the operator on the forcing function. The 
portion of the remnant due to this source would be coherent with the 
forcing function by some nonlinear correlation. 

3. Injection into the loop of “‘noise’’ which is completely uncorre- 
lated with the forcing function, that is, is unexplained by any linear or 
nonlinear correlation. This noise could be injected at any place within 
the operator's ‘‘block”’ in the system block diagram, though it is usually 
most convenient to consider it as being lumped at either the input or 
the output of the block representing the linear operation of the operator. 

4. The variation, during a measurement run, of the operator's 
linear transfer characteristics. By necessity, the describing function 
is found experimentally by the use of fairly long runs, for example, 
2 to 4 minutes. In particular portions of these runs the operator may 
be responding in one linear fashion which is changed to various other 
linear modes of behavior during other portions of the run, or he may be 
varying his characteristics almost continually over much shorter in- 
tervals. The measured describing function is, of course, a particular 
kind of ‘‘average’’ of all these characteristics, and hence cannot ‘‘ex- 
plain” all of the actual output power. This type of behavior shall be 
termed ‘‘nonsteady.”’ 


All of these possibilities have some merit in the explanation of 
existing remnant data. Hall has shown that the first source offers an 
appropriate explanation for a portion of the remnant when two dimen- 
sional system inputs are present, that is, crosstalk through the operator. 
The remaining remnant in multi-input tasks and the total remnant in 
single input cases, must be due to the last three possibilities, either 
singly or in some combination. Unfortunately, present data do not 
allow us to ascribe partial responsibility for the remnant to any one 
source. Accordingly, we have derived a series of possible remnant 
‘“‘models’”’ where each source is assumed as an all inclusive explanation 
for the total remnant. While the details of the analysis are beyond our 
present scope, we can summarize the various remnant models so far 
derived, and can also indicate their consequences in terms of operator 
description (Fig. 5). 


A. Noise Injection Models 

1. Input Noise Injection. ‘The possibility of errors in the visual 
sensor (or other location near the operator’s input), being responsible for 
a portion of the remnant does exist, but it is difficult to develop an 
a priort model which can be used as a basis for fitting the observed 
remnant data. However, the remnant data obtained from the measure- 
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ments made by Elkind and The Franklin Institute were converted to a 
form consistent with the assumption of input noise injection, and then 


examined for trends which might suggest some suitable model. This 
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6. Nonsteady Operator Behavior Remnant Model. 
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c. Linear With Parallel Sgn Function Operator Description. 


Fic. 5. Possible forms of the operator model. 


procedure did not result in any clear-cut findings, although it was noted 
that the remnant from Elkind’s rectangular spectra forcing function 
tests, to a value of f,, of 0.64 cps, could be represented quite well by 
an equivalent “white noise’ injected at the input. 
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2. Output Noise Injection. This remnant source possibility is 
represented by Fig. 5a, in which a ‘‘noise’’ or error is superimposed 
upon the operator’s linear output, and effectively injected into the 
system. An a priori model of sorts (1, 15) can be derived for this 
possibility based upon the assumption that the human’s output re- 
sponse, c(t), can be approximated by a series of discrete steps. Each 
step would then consist of two components, that is, 

a. A part linearly related to the forcing function ; 

b. A part, n.(t), representing random error or noise, which is 
not linearly coherent with the forcing function, and which is inde- 
pendent of all other output steps. 


The mathematical consequence of these assumptions is that the output 
injected noise will have a spectral density given by: 
. wl}? 
sin 
,,, = 2T¢,,' | (18) 
of 
2 


where 7 is the average time between the incremental output steps, and 
o,2 is the mean square value of the injected noise. If this form of 


equation is used to curve fit Elkind’s rectangular forcing function spectra 
data, one finds that, while the curve fits are not as precise as might be 


desired, the general form is suitable to define the trends. These indi- 
cate that, if this remnant model is accepted, the time between output 
step increments would have to increase directly, and the mean square 
noise decrease slightly, with an increase in forcing function bandwidth. 


B. Nonsteady Operator Behavior Models 


This concept is based on the notion that the operator’s transfer 
characteristic is essentially linear but time-varying in some random 
fashion which is not linearly coherent with the forcing function (1). 
While there is no a priori model available, the Elkind closed loop 


remnant data, if interpreted as arising from a time-varying part of the 
. wl)? 
sin - 
closed loop transfer function, A//(t), are closely fitted with a oT 
| 
curve. These fits imply that, if nonsteady behavior is the primary 
remnant source, the random time-varying portion of the closed loop 
transfer function, A//(t), would possess a boxcar-like time structure. 
Its mean square value would increase almost directly with the forcing 
function bandwidth, and the time between steps in a time history of 
AlT(t) would average about 0.25 second. The equivalent open-loop 
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time-varying characteristic, AY(t), would have an rms value not so 
drastically dependent upon the forcing function characteristics and 
may possibly be nearly constant. Such a nonsteady transfer charac- 
teristic will act in parallel with a describing function which is frequency 
variant only, as shown in Fig. 5d. 


C. Nonlinear Transfer Characteristic Model 


In both the Elkind and Franklin Institute data there is little change 
in the describing function measurements with variable input amplitude. 
This fact indicates that, within the range of the conditions tested, a 
series nonlinearity is not an important effect. On the other hand, the 
Goodyear analog required the use of a threshold element in series with 
the linear elements of the system. This threshold was considerably 
larger than that which could be ascribed to perceptive thresholds, etc., 
and apparently was due to the operator's indifference, or tendency to 
ignore signals below some small level. The small variations in describ- 
ing function that were present in Elkind’s results are consistent with the 
existence of this threshold. The over-all effect, however, is so small 
that it cannot be considered to be an important remnant source. 

A nonlinear element in parallel with the linear describing function, 
however, is a different matter. The Goodyear analog required just 
such an element to obtain a good correspondence between the actual 
and analog operator. ‘The form used there was an anticipation, or sgn 
function operating in parallel with the quasi-linear describing function 
(Fig. 5c). If the describing function of the parallel sgn or perfect 
relay function is small relative to that of the quasi-linear describing 
function, then the main response contribution of the perfect relay will 
be the remnant. Further, the remnant time history will be of the 
boxear-like rectangular nature already noted as a consequence of the 
output noise injection and nonsteady operator remnant models. For 
the specific forcing function used by Goodyear, the values of average 
times between increments check nicely with those required by these 
previous conceptions. Also, most of the Elkind rectangular spectra 
forcing function remnant data can be accounted for by the assumption 


of a sgn function. 


The Franklin Institute k-S8O Simulator remnant data are, unfor- 
tunately, severely contaminated with controlled element effects and 
were measured over a band of frequencies which is not properly placed 
either to validate or invalidate the three remnant models discussed 
above. In general, however, the Franklin data are consistent with all 
three models. Also, in the case of longitudinal control, the operator 
describing function can be expressed fairly well as a pure gain for corner 
frequencies of 1 and 2 radians per second. For input cut-off frequencies 
of 1 and 2 radians per second, this is exactly the behavior that would be 
expected for those tasks where the describing function of a simple, 


June, 1959.] HuMAN OPERATORS IN SERVO SYSTEMS 521 
parallel nonlinearity is larger than the quasi-linear frequency variant 
describing function. The linear correlation was somewhat higher for a 
corner frequency value of 4 radians per second, and for this case the 
phase characteristic of Y, can be simply approximated by e~°***, the sgn 
function being less dominant. The F-80 Simulator longitudinal con- 
trol task case exhibited a higher linear correlation than the correspond- 
ing lateral control task, but both were the lowest linear correlations for 
all tasks considered in this paper. 

In addition to the major remnant characteristics discussed above, 
a dither phenomenon observed in the Goodyear tests must also be con- 
sidered to be a possible human output under certain conditions. The 
dither action is analogous to that used in servo systems as a linearizing 
technique, for example, to reduce the effects of coulomb friction. 
Besides appearing in the Goodyear tests it has also been observed in 
human dynamics experiments where such a technique appeared to the 
operator to be an applicable tactic. In all cases it is a conscious action, 
and can be eliminated by the operator if desired. For the data we have 
reviewed here 


1. No dither was present in Elkind’s test, probably because there 
were no restraints whatsoever upon the control. 

2. Dither was probably present in some of Russell’s runs, since a 
sharp peak at 1.23 eps was found on the only remnant spectrum meas- 
ured. Russell’s control wheel spoke was attached directly to an instru- 
ment having a fairly high coulomb friction level, so dither might have 
been desirable. 

3. In The Franklin Institute test series several of the subjects tried 
out the use of a dither signal during their training periods, but aban- 
doned it before their record runs were taken. This was done not because 
dither introduction was an unsuitable technique for operating the simu- 
lator, but because these pilots did not consider it to be part of their 
normal piloting style. 

HYPOTHETICAL MODEL OF THE HUMAN OPERATOR IN COMPENSATORY TRACKING TASKS 

From the data presented in Tables | through V we shall endeavor to 
hypothesize a reasonable model of the operator. In constructing the 
hypothetical model, the transfer characteristics will be considered first, 
on a term-by-term basis. 


A. Ilypothetical Transfer or Describing Function Model 

1. Reaction Time Delay. The reaction time delay, represented by 
ane 7/* term, appears in all operator transfer functions which are sub- 
jected to forcing functions having a degree of unpredictability or 
“randomness.”’® Also, it is probable that an e~*’’ term is present in all 


®*With the possible exception, noted previously, of the Franklin F-80 Simulator longi 
tudinal runs 
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tracking tasks in which the operator’s input is random-appearing, al- 
though the line of demarcation on a phenomenal level between random 
appearing and predictable inputs is not well defined at present. For 
instance, the use of a perfectly predictable sine wave forcing function 
on a system with an operator plus complex controlled element dynamics, 
resulting in a complex, nonsinusoidal error signal (operator input), 
probably falls into the random appearing input class. In the same case, 
reduction of the controlled element dynamics to some simpler (but 
presently unknown) form would tend to preserve the predictable sinu- 
soidal wave form, and the operator input would then fall into the 
predictable class. 

When the simplest of the fitted transfer function forms is used to 
derive a value for 7, a considerable variation in this initially determined 
pure time delay is apparent. Then, when a stability requirement is 
asserted, and stability of the fitted form is obtained by the introduction 
of a high frequency lag beyond the bandwidth of measurement, the 
resultant 7 values appear to lie within a relatively small grouping, with 
a central value of about 0.15 second for random appearing visual inputs. 
There also appears to be a fairly steady progression of decreasing 7 
values from about 0.25 second for widely separated step inputs, to 
about 0.20 second for more closely spaced and random appearing dis- 
crete steps (see Table I) and finally to the 0.15 second cited above for 
random appearing forcing functions. On both single-input, single- 
output systems and two-input, two-output systems with random ap- 
pearing forcing functions, 7 does not appear to be a distinct function of 
either forcing function alone or controlled element characteristics alone. 
Whatever variability does exist in values of t appears to be on an intra- 
subject basis. It is probable that these variations are similar in both 
scope and form to those found in applicable reaction time experiments 
to discrete stimuli, since 7 is certainly closely related to classical reac- 
tion time lags. 

The hypothetical linear model for continuous control, visual input, 
compensatory tasks should, then, always include an e-*’ term in the 
describing function to account for the reaction time delay, with 7 given 
approximately as 


r = 0.15 second. (19) 


2. Neuromuscular Lags. The dynamic portion of the data from 
step forcing functions for Y, = 1 (Table I) and that obtained for the 
nonsynchronous phases of sine wave forcing functions for Y, = 1 
(Table I) have a fair degree of similarity, and are presumably indicative 
of the actuator (neuromuscular) portion of the human response. The 
neuromuscular system involved in the particular measurements was 
that of the arm in following, and the describing numbers would be 
somewhat different for other neuromuscular systems. This actuator 


4 
| 


June, 1959.] HuMAN OpeRAtoRS IN SERVO SYSTEMS 523 


portion of the human response is not directly apparent in the other 
describing function data since the effect would be minor at the fre- 
quencies used for determining them. It will be recalled, however, that 
much of the data required, as a minimum, the addition of a high fre- 
quency lag (beyond the measurement bandwidth), to stabilize the 
system. 

We should also note that Elkind’s higher forcing function band- 
widths will scarcely admit of very large values for neuromuscular lags 
(because they would have to be subtracted from the already small 
values of 7), unless they are associated with the very low frequency 
lag break point probably present; or unless both a lead and lag exist 
beyond the measurement bandwidth. The evidence for the second 
possibility is mixed, and the possibility of the low frequency lag being 
truly due to the neuromuscular system is extremely unlikely. 

Since much of the evidence available at the higher frequencies 
(particularly those from step function inputs), indicates the existence 
of neuromuscular lags, and most of the other data implies their probable 
presence, a hypothetical model of the operator should include the effect. 
If really due to the neuromuscular system, these lag terms should be 
at least of the second order variety but the only numerical value that 
one can derive from the random input tracking data is a first approxi- 
mation consisting of a first order lag. 

3. Indifference Threshold. ‘Vhe “indifference threshold” effect used 
by Goodyear, and compatible with Elkind’s variable amplitude data, 
does appear to exist. This serial effect should therefore be taken into 
account, at least in principle. This can be done by using a threshold 


describing function, A > ( ). in series with the other elements of the 
OT 


transfer function. .\s a Gaussian input describing function this is given 
approximately by, 


ar ar 2ar 
or 2or Tor 


he 
— <1, 
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TOT OT 


where dr is the value of the threshold, o7 is the rms value of the opera- 
tor's input signal, and (x) is the error function. Equation 20 has only 
a slight change from unity for the relatively small values of — observed. 
It can therefore be considered as a minor effect for the cases covered 
by present data. 
4. Equalization. .\ most important item to be considered in any 
transfer function form is the equalizing ability of the operator. This 
is shown by the presence on occasion of: first order lead, low frequency 


a 
: 
(ar/V2e, 
: 
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first order lag, and the probable existence of a variable high frequency 
lag (which may be part of the neuromuscular system). 

Considering only those experimental studies in nonmoving mockups 
with pure visual inputs, a single low frequency lag term always appears 
to be present when all of the following conditions apply : 

a. When the introduction of a low frequency first order lag 
would improve the low frequency system response ; 

b. When the low frequency system response is important be- 
cause of the low bandwidth of the input; 

c. When the controlled element characteristics are such that 
the introduction of the low frequency lag will not result in higher 
frequency destabilizing effects incapable of being overcome by a 
single first order lead. 

When these conditions do not apply, the low frequency lag does not 
appear. 

When the controlled element characteristics, coupled with the ‘‘un- 
alterable’’ reaction time delay term of the operator, are such that a lead 
term would be desirable from either a system stability or low frequency 
system performance standpoint, then the operator will generate a first 
order lead. 

Either a second low frequency lag or a second lead term is difficult 
for the operator to generate when confronted with only visual, random 
appearing inputs and controlling relatively simple controlled element 
configurations (those of Tables II-IV). Several of the systems studied 
could have used such terms to advantage and there is no conclusive 
indication of their existence. 

There are, however, instances in systems with more complex dynam- 
ics where experienced trackers have generated a second order lead for 
system stability. Also, a second order lead appears to be possible under 
special circumstances. For example, some highly trained Navy jet 
pilots used as subjects by Goodyear were able to generate quadratic 
lead terms while operating in a moving simulator (Table V). 

Expressed mathematically, the operator’s equalization charac- 
teristic, with only visual inputs, can commonly assume the following 


forms: 
a > 1 (lead-lag) (a) 
1 Jw 
I. 
K,(Tijw+ 1) (simple lead) (c) (21) 
= + (simple lag) (d) 


(pure gain) (e). 
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This ability to adapt the form of the frequency variant equalizing 
characteristic can be referred to as the adaptive behavior of the operator. 
We should note that the final transfer function obtained in a given 
task is a strong function of the operator training in the particular control 
task. All of the describing function data considered in this series were 
valid after the learning period. Therefore, adaptive behavior refers to 
what the operator can do after he has achieved some familiarity with 
the particular control process. ‘The length of the trial and error process 
involved in achieving the final transfer function form is, of course, quite 
dependent upon the forcing function and controlled element charac- 
teristics and the background of the operator. For example, in Russell's 
tests only seconds or fractions thereof were required to adapt properly 
for variations in controlled element characteristics during a run; much 
longer times were required on The Franklin Institute F-80 Simulator 
simply to achieve familiarity with the simulator, even with skilled 
pilots as subjects. Goodyear stated that as much as 20 hours was 
required by one of their subjects (a non-pilot) before he attained any 
reasonable degree of proficiency in controlling the simulator. 

5. Gain Adjustment and Optimalizing Behavior. From all of the 
data it is apparent that operator gain is a highly adjustable parameter. 
It also appears to be a distinct function of individual motivation and 
training in the particular task. 

In addition to gain adjustment, all the evidence available indicates 
that the operator is not only adaptive in selecting the form of his equal- 
ization function within the rough limits set above, but also adjusts the 
value of some of the constants within the transfer function adapted. 
Some insight into this behavior can be obtained by considering the 
simple tracker data as a function of forcing function bandwidth. From 
the Franklin simple tracker (Table I1) it appears that the lead time 
constant, 7,, is considerably reduced as the bandwidth is increased, 
indicating that the operator is attempting to increase his bandwidth as 
the presented information requires such an increase. A similar trend 
is seen in the Russell and Elkind data, except that there the operator 
changes his low frequency lag time constant and gain, for example, 
K = 942T, for Elkind’s data. Both of these characteristics show a 
distinct tendency on the part of the operator to adjust his parameters 
in an endeavor to follow the forcing function and to minimize the effects 
of other signals present in his input. 

This behavior is similar to that expected of an “‘optimalizing”’ servo 
system, that is, one that adjusts the values of its constants to some 
optimum operating condition as a function of its inputs. It can then 
be said that the human operator is both ‘“‘adaptive’’ (within a relatively 
fixed form), and “optimalizing”’ (to some difficult to define criterion). 
In fact, the human operator is the very prototype of an adaptive, 
optimalizing servo system. 


\ 
i 
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While the actual internal criterion of the human defies definition, 
we can obtain considerable insight into the consequences of its opera- 
tion. Figure 6 summarizes all available phase margin (180 degrees 
minus open loop phase when open loop gain is unity) data for cases 
where measured describing function points occur in the region of gain 
crossover. The phase margins shown were read from the actual data 
joined point to point, so they do not necessarily agree precisely with 
phase margins deduced from the analytical curve fits. These data 


H- HALL DATA 
E- ELKIND DATA 


FREQUENCY OF OCCURRENCE 


40 50 60 70 
PHASE , MARGIN (degrees) 


Phase margins observed for 0 db cross-overs within the data region. 


Fic. 6. 


indicate that gain and equalization, as finally adjusted, are such that 
phase margins in the region of 60 to 110 degrees occur. These values 
of phase margin are very similar to those which might be used by a 
servo designer. 

In summary it appears that the operator adjusts his parameters as 
some function of his presented input. Further, he tends to modify 
his transfer characteristics until he has achieved either a performance 
level which he accepts or, perhaps, a level which represents the limit 
of his abilities. It should be pointed out that the phase margin data of 
Fig. 6 tend to support the first of the possibilities, while operator action 
tending to create the second was generally requested by the experi- 
menter. Other experimental conditions, for example, when the opera- 
tor is asked to keep his signal within a rigidly defined set of limits shown 
on the display, may not yield similar results to those given here. 
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6. Hypothetical Transfer Function Model. rom all of the above 
it is now possible to hypothesize a linear adaptable model of the human 
operator for random appearing visual inputs and motion outputs, 
which is consistent with all of the data available. In equation form: 


Ke-ri#(T jw + 1) K, 


(Trjw + 1)(Tyjw 
K,e riv(al, jw 1) 
(T1jw + 1)(Tyjw + 1) "\ or 
where 


Reaction time delay, tr, is: O12 < 7 < 0.20 second, 


Neuromuscular lag, Ty, is partially adjustable for task. 
+1) (Tijw + 1) 
(T1jw + 1) (Trjw + 1)’ 


function and controlled element. 


Equalization, is adjustable with forcing 


Gain, K,, is adjustable for over-all system stability and low frequency 
performance. 


Indifference threshold, Kk, (21), is a minor effect with adjustment 


OT 


and values not known. 


Within the limitations of the above form the operator adapts his transfer 
function (lag-lead, lead-lag, pure lead, pure lag, or pure gain) to obtain 
what he considers to be an optimum controller, controlled-element 
system response in the presence of the forcing function. The transfer 
function form adapted is one consistent with stability and good low 
frequency control of the over-all system. The constants are adjusted 
to some performance criterion akin to that of the rms minimization 
criterion of servo theory, and consistent with phase margins from 60 
to 100 degrees. In other words, the operator transfer function for a given 
task is very similar to the one that a servo engineer would select if he were 
given an element to control together with a ‘‘black box,’ having within it 
elements making up the describing function given by Iq. 22 and knobs on 
the outside for adjustment of a, T; and \k,,. 


B. Hypothetical Remnant Models 


Three models have been proposed to “explain” that portion of the 
operator’s output which is not “linearly coherent’’ with the system 
forcing function in single dimensional tasks. The analytical form and 
general consequences of these various possibilities are illustrated in 
Fig. 5 in the preceding section. 
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There is little to choose among these three conceptions. In terms 
of the existing data on operator uncorrelated output power, all three are 
effectively equivalent models. In addition, all ‘‘explain,’”’ to some 
extent at least, the quasi-periodic behavior observed on time records of 
human responses. 

When more detailed factors are examined, such as the point-by- 
point output check between the Goodyear analog and actual pilots, the 
perfect parallel relay description (derived from the Goodyear studies), 
becomes very enticing. Unfortunately, this description is based upon 
only one set of controlled-element, forcing-function characteristics. 
The other remnant data could be explained to a large extent by such 
an “‘anticipation’’ model (and vice-versa, of course), but a limiting case 
tends to make us wary of the outright assertion that this is the best 
model. This limiting condition will occur when the operator’s task is 
very demanding, so that the parallel, nearly linear, describing function 


is very small relative to K 4 € ), the describing function of the sgn 


transfer characteristic. Under these conditions, the over-all operator 
describing function would tend to be a pure gain, with no reaction time 
delay. This was the case for the Franklin F-80 Simulator longitudinal 
data, but did not exist for the lateral case where only 25 per cent or so 
of the output power is described by the linear operations. 

In view, therefore, of the limitations on the data, there is insufficient 
justification to prefer one remnant form over the others, exclusively. 
However, the following comments upon the features of each of the 
models might be noted : 


1. The nonsteady model is ‘‘best’’ from the point of view that the 
curve fits upon which it is based were the most adequate ones made ; 

2. The noise injection model is “best” from the standpoint of sim- 
plicity in using the hypothetical transfer function data for system 
stability predictions and general servo analysis; 

3. The parallel sgn function, or perfect relay, model is ‘‘best’’ for 
point-by-point prediction of the operator’s output and in creating an 
intuitive physical view of the operator’s actions. 


Because of the approximate equivalence of the three models, and 
the points enumerated above, we feel that an eclectic view is the most 
practical at the present level of data development. By accepting this 
viewpoint, the choice of a remnant model is left to the engineer or 
psychologist analyzing a particular job at hand. Of course, due cau- 
tion and restraint should be used in not exceeding the bounds imposed 
by the experimental conditions for which the models were originally 
derived. 

Some general factors regarding the remnant and linear correlation 
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should also be noted. In brief, for a forcing function other than zero, 
these are: 


1. The highest linear correlation coefficient is associated with least 
rms tracking errors. 

2. Since highest values of p correspond to the least remnant, mini- 
mum rms errors are associated with the least remnant. 

3. The smallest remnant is associated with controlled system ele- 
ments having minimum dynamics (Y, = 1). 

4. The least remnant is associated with operator inputs having the 
least bandwidth. 


PREFERRED OPERATOR FORM IN COMPENSATORY TASKS THE DETERMINATION OF 
“IDEAL” MANUAL CONTROL SYSTEMS 


In preceding sections consideration was given to the performance of 
the operator in particular tasks, and an adaptive, optimalizing model 
was hypothesized to characterize his behavior. “This model can be used 
with some confidence to predict the qualitative performance of a given 
man-machine system. While useful in an analysis problem it is de- 
sirable, for synthesis purposes, to know how the operator should perform 
if the manual control system is made ideal based upon some system 
performance criterion. Further, if the “‘ideal’’ system is also the most 
practical one from an over-all standpoint, how do we make the human 
behave that way ? 

To derive a performance characteristic which is presumably the 
“best” for the operator to adopt we can use data of two varieties. The 
first, of course, are the describing function and remnant data previously 
summarized. From these data we can draw some conclusions about 
those controlled element and forcing function conditions which tend 
to be more desirable than others from the standpoint of over-all system 
performance. 

The second form of data giving us clues in finding preferred operator 
characteristics is the experimental determination of some system per- 
formance measure, such as rms error, time on target, etc., as a function 
of controlled element and forcing function conditions. This latter 
approach, emphasizing particularly the controlled element character- 
istics, has been used extensively by Birmingham and Taylor and their 
colleagues (24-28). As a result of their efforts using this approach, 
they hypothesized a preferred form of operator behavior which is dis- 
cussed in detail in References 24 and 25. Many aspects of the Birming- 
ham-Taylor design recommendations still appear applicable. 

In preceding parts of this paper it was pointed out that the human 
operator can be represented by the following, more or less equivalent, 
general forms: 


C(jw) = Y,(jo)E + N.(jw) 


: ate 

: 
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: 

= 
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C(jw) = Y,(jo; DE (23) 


C(jw) = Y,(jw)E + aa sgn e (t). 


On a closed loop basis all of the above forms can be put into quantities 
which are more easily measured (at least by the quasi-linear methods), 
and which, in this sense, are more fundamental. Thus, repeating Eq. 
13, the output power spectral density is 


®,. = |H\%,, + (24) 


and the error spectral density is 


The components of the |//|*@;; term in Eq. 24, that is, the open loop 
describing function Y,Y., and the forcing function spectral density ®,,, 
are of major importance in determining system stability and dynamic 
| |? 
| ¥,| 
(| Y.{*#,,), of Eq. 25 are important components of the error spectral 
density ®,., the portion due to the remnant is ordinarily the major 
contributor to ®,,.. Since tracking precision is related directly to the 
error spectrum, for example, & = J,” ®.df, the reduction of the rem- 
nant, ®,,, is a major key to precision of performance. 

If an ‘‘optimum”’ manual control system is defined as one where the 
error spectrum is minimized in some sense, while maintaining adequate 
stability and control, then this implies that the remnant should also be 
close to a minimum value. Since the remnant is dependent upon the 
open loop describing function, then an “‘optimum”’ form of operator 
describing function, Y,, can be said to be that which tends to minimize 
®,,,. The operator describing function is, of course, dependent upon 
forcing function and controlled element characteristics. If a preferred 
operator form could be found, then these qualities could be adjusted 
to obtain the operator’s describing function preferred form. 

It is evident that controlled element transfer characteristics and 
forcing function conditions are the major non-subjective definition of 
task difficulty. It is also apparent that the more ‘‘difficult’”’ either or 
both of these characteristics become, the larger the remnant. All of 
this can be cited as evidence of the fact that the operator is best when 
subject to the weakest demands. This leaves us with the problem of 
defining what ‘‘weakest demands” means. When this has been done, a 
rational design scheme can be promulgated which will allow the human 
to generate the characteristics which yield best system performance. 


».), and remnant terms 


performance. While both the linear ( 
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Both of these problems, that is, first defining a ‘‘doing least’’ operator 
transfer characteristic form and then a consequent rational design pro- 
cedure, have been attacked by Birmingham and Taylor. In the words 
of Reference 24: 


It becomes, therefore, a fundamental assumption . . . that the more 
complex the human task, the less precise and the more variable becomes 
the man. It is assumed that, within limits, the higher the number of in- 
tegrations and/or differentiations required of the man the poorer will he 
perform. Conversely, it is hypothesized that the more the human opera- 
tor is freed from the tasks of integration and differentiation the more 
regular and precise will become the human output. Human control be- 
havior, it is asserted, reaches the optimum when the man becomes the 
analogue of a simple amplifier (with pure time delay) as shown in the 
following equation: 


A(t + 7) = KO,(t) 


or in Fourier transform style (26) 


60( jw) Ke 7149 


where ¢ represents a value in time, and 7 equals the human reaction time. 


The Birmingham-Taylor thesis quoted above is given some support 
in Reference 26. Reported there are the results of a series of tests where 
the operator is provided with instantaneous knowledge of the effects of 
his own motions in such a way as to make it unnecessary for the operator 
to generate either a lead term or an integration. In the actual experi- 
ment, the controlled element proper had a transfer function K/s*. The 
effective controlled element, as seen by the operator, could be adjusted 
K +1) (T2s +1) +1) 

or remain in its original form, A/s*. In this experiment a four-coordi- 
nate tracking task was employed. The operator manipulated two joy- 
sticks to keep two targets within view on a two-gun cathode ray tube. 
Each target dot was free to move in both the vertical and horizontal 
directions. No specific forcing function was used, although system 
noise and extraneous operator motion were sufficient to excite the target. 

The results of these tests show, that with the lead terms added to the 
controlled element, a majority of the operators were able to perform the 
task perfectly. In the absence of the lead terms, these same operators 
were never able to control the dot in two dimensions, though some 
learned, over a period of time, to exert sufficient control of the dot in one 
coordinate to increase their score materially. 

This experiment indicates the general effect of providing sufficient 
external equalization to allow the operator to function as a simple 
amplifier and pure time delay (though whether he actually did precisely 


by equalization techniques to take the form 
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this is not known, since describing functions were not measured). It 
therefore adds to that considerable body of data taken on specific track- 
ing, fire control, flight control systems, etc., where “aided tracking,”’ 
“quickening,” ‘‘null steering,” ‘‘zero reading,”’ etc., terms (similar in 
their effect to the leads introduced here) are employed to improve 
precision of control. These experiments all tend to justify (or at least 
not contradict) the Birmingham-Taylor hypothesis advanced earlier 
that the operator should be allowed to operate with a transfer function 
Ke-™. It is appropriate to discuss possible modifications to the ap- 
proach in the light of the more recent data reviewed in this paper. 

First, with regard to the Birmingham-Taylor ‘‘optimum” operator 
form Ke~", it appears that some modification may be desirable. There 
is little question that the required presence of lead terms in the operator 
transfer characteristic is connected with an increase in the remnant, and 
hence decreases the tracking precision. Direct evidence on this score 
is available from the Franklin and Russell data. To some extent, the 
Goodyear stationary simulator results also corroborate this statement, 
since on those tests the indifference threshold characteristic was asso- 
ciated with the presence of the lead term in the operator. Based upon 
these data, then, we can conclude that the ‘‘optimum”’ operator form 
should contain no lead equalization. 

In the general case with finite bandwidth forcing functions, the need 
to do away with a low frequency operator lag appears questionable. 
For example, Russell's data showed that the very best performance, in 
terms of rms tracking error, occurred when a filter having a transfer 
function of 1/(7s + 1) was inserted after the operator (to smooth the 
high frequencies of the remnant power), and then a lead-lag of (Ts + 1)/ 
(Ts + 10) prior to the operator to cancel out the lag introduced by the 
postfilter. The net controlled element transfer function for a T = 0.5 

1 
(O.05s + 1) 
acteristic was shown in other tests to be effectively that of a simple 
tracker. The human transfer characteristic which existed with this 
_ 
(Tis +1)’ 
and the mean square error was reduced about a factor of two below that 
of the simple tracker.* In addition to this information, Russell also 
showed that insertion of a lag in the controlled element characteristic 
(to “replace” effectively the operator's low frequency lag 77), with or 


second, was Y, = This controlled element transfer char- 


controlled element configuration is best approximated by Y, 


6 The form for VY, which we have specified is the simplest reasonable form. Were we to 
strive for a more general, yet easily used form then we would use either Y, = —— — oe 
Ke (aT 1s + 1) 
(Tis + 1)(Tws + 1) 


usually allow leeway in their interpretation. 


or Y, = In most cases the choice is a matter of taste since the data 
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without a lead in the controlled element, resulted in more remnant 
power (and associated increase in system error) than was the case with 
Y, = 1. From these data we are led to suggest : 


1. A low frequency operator lag term is present and desirable when 
forcing function exists. 

2. The dynamic portion of the over-all controlled element transfer 
characteristic should appear to the operator, as something between 


: 


3. The controlled element can be made effective as a filter to at- 
tenuate high frequency remnant power. This will probably be most 
appropriate in those instances where an operator-applied dither signal 
is an important aspect of the remnant. 


The above modifications to the ‘‘simple amplifier’ preferred form 
represent relatively minor changes in design procedure. Considerations 
of forcing function effects on the remnant can result in much more im- 
portant modifications of the Birmingham-Taylor thesis which was based 
upon forcing functions which were either non-existent or composed of 
extremely low frequency components. Consider the modifications im- 
posed by higher frequency forcing functions on the ‘‘simple amplifier’’ 
design concept for the human: 


1. Since best performance occurs for Y, = 1, the Y, obtaining for 
this controlled element is to be desired. The preferred operator model 
should thus be one of the following: 


Ke-™ 


is +1) 


2. Since Elkind studied the upper limit of performance for Y, = 1, 
we can use his findings directly to obtain optimistic measures of the 
forcing function effects. 


We can see from Elkind’s data that it is desirable to have as low a 
bandwidth forcing function as possible (without involving ourselves 
with boredom or perceptual linearity effects). Further, the rms error 
expected will be approximately proportional to the square of the effec- 
tive forcing function bandwidth (see Fig. 7, which recaps some of 


(27) 
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Elkind’s data on this score). Lf we would prefer to establish ‘‘good” low 
frequency system response to the forcing function as a criterion, that 
is, high d-c. gain, we would like to restrict the forcing function band- 
width to a value somewhat less than that equivalent to a rectangular 
forcing function spectrum cut-off of 0.64 cps. This is based, of course, 
upon the somewhat arbitrary criterion that a d-c. gain of 15 db or so 
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yields ‘‘good”’ low frequency response to a system having the over-all 

open-loop transfer function Ke~™/(7;s + 1). In any event, by accept- 

ing the above modifications to the preferred form, one can use Elkind’'s 

data directly to get a firm notion of the best expected system performance. 
The design procedure can be summarized as follows: 
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1. Adjust? the low frequency effective controlled element transfer 
function to that of a simple tracker, that is, within the limits (exclusive 
of gains) : 


1 
= 
ia ~ (0.05s + 1) 


(28) 


a. In this adjustment due care should be taken to filter as much 
of the operator high frequency remnant power as is possible in the 
circumstances. 

b. The arrangement of equalizing elements, etc., used in modifying 
the initial controlled element to that of the form above should be such 
that the operator input bandwidth is as small as practicable. 

2. The human transfer characteristic will then be of the approxi- 
mate form: 

Y, = —= (29) 

(7 1s 1)(7 nS 1) 


a. When the actual system forcing function is put into the form 
of an “effective” forcing function operating on a simple tracker sys- 
tem (which can be done with the aid of a little block diagram algebra), 
then the “effective” forcing function spectra can be found. Using 
Elkind’s data as approximations to this forcing function, estimates 
for K, and 7; can be made from the forcing function spectral char- 
acteristics. 

b. The remnant characteristics can also be estimated using either 
of the remnant models previously fitted to Elkind’s data. 

3. Using these items of information, the ‘‘ideal’’ system performance 
can be estimated in detail by normal servo methods. Elkind’s rms 
tracking error data, given in Fig. 7, will also be helpful in this regard. 
The quantities obtained will always be optimistic since the basic (EI- 
kind) operator data used in the analysis is probably an upper limit of 
human performance. 


While the approach outlined above is intended to represent a ra- 
tional design procedure for “‘ideal’’ systems, it should not be used in- 
discriminately to design practical systems. However, when used as the 
basis for an actual system design, two pitfalls should be avoided. The 
first, and most obvious one, is that of application to areas beyond those 
where the fundamental assumptions used in the derivation of the model 
are valid. For example, the system should be one where the operator 


7 The term “adjustment” as used here means the addition of equalizing devices into the 
system in such a way as to make the effective controlled element Y,, as seen by the operator, 
the form shown above. These equalizing means can consist of series or parallel compensating 
networks, additional loop closures, ete. “These are all straight-forward servo techniques, and 
need not be discussed here. 
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is continuously tracking only visual inputs on his display, and other 
inputs (including those effectively ‘‘set’’ into the operator by past 
experience), must be negligible. The second pitfall is commonly en- 
countered in servo practice, and involves the problem of system re- 
liability and over-complication. As an example consider the case of a 
human pilot-airframe system. The effective controlled element trans- 
fer function, that is, the equivalent airframe dynamics, can be put, at 
least approximately, into the form where Y, = 1. This could be done 
by judicious design of artificial feel systems, stability augmenters, and 
compensation of various sorts in a display. The design configuration 
would presumably be satisfactory (if the first pitfall mentioned is also 
avoided) ; and a relatively naive operator could ‘‘fly”’ the aircraft quite 
well. However, the instant some element of the compensated system 
fails, the effective controlled element is no longer approximately free of 
dynamics, and the possible over-all effects could be catastrophic. 

To generalize, an “‘ideal’’ system established on the basis of the 
above data can always be used to provide estimates for best possible 
manual control system performance. In many systems this is its 
principal value, for when criteria other than tracking performance are 
important an “‘ideal’’ system, in the sense used here, can become an 
inappropriate physical mechanization. It reduces the role of a human 
element to one where the human’s prime virtue as a control component— 
adaptability—is essentially suppressed; mechanization can become 
complex, as noted above; and skill development has little payoff. On 
the other hand, in instances where the designer can easily avoid com- 
plexity, where variability and adaptibility are undesirable, and where 
naive operators are the norm, the theoretical ‘‘ideal’”’ system may be a 
desirable physical solution as well. 
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THE FRANKLIN INSTITUTE 


MINUTES OF THE STATED MEETING 


May 20, 1959 


The Stated Meeting of The Franklin Institute was held at 8:15 p.m. in the Lecture Hall. 
Mr. Wynn Laurence LePage, President, called the meeting to order with approximately 175 


members and guests in attendance. 

The President stated that the minutes of the Stated Meeting of March 18, 1959 were 
printed in the April issue of the JOURNAL OF THE FRANKLIN INSTITUTE, and the minutes of the 
Stated Meeting of April 15, 1959 were printed in the May issue of the JOURNAL OF THE FRANKLIN 
INSTITUTE. There being no corrections or additions, the minutes of the March 18, 1959 and 
April 15, 1959 meetings were approved as published. 

The President announced that the Board of Managers, at its meeting this afternoon, had 
nominated the Franklin Medalist for 1959, Professor Hans Albrecht Bethe of Utica, New York, 
to Honarary Membership in The Franklin Institute, and, in accordance with our By-Laws, 
his name was presented to the membership for election. On motion duly made and seconded, 
Professor Bethe was elected an Honorary Member of The Franklin Institute, his membership 
to be effective October, 1959. 

The President recognized Mr. Morton Gibbons-Neff, Chairman of the Membership Com- 
mittee, who introduced the four members of The Franklin Institute who, in 1959, had completed 
fifty years of continuous membership. The President then presented a Gold Key and Gold 
Membership Card to Mr. James McGowan, Jr., Mr. T. Edward Ross, Mr. Theobald F. Clark 
and Mr. Walton Clark, Sr. (in absentia), asking Mr. Theobald Clark to see that his brother, 
Walton Clark, received his Gold Key and Gold Membership Card with the sincere appreciation 
of the Institute for his many years of interest in it. 

Mr. Morton Gibbons-Neff then presented the Commandant of the Fourth Naval District, 
Rear-Admiral Charles H. Lyman, and announced that it is our custom to present membership 
in The Franklin Institute to the Commandant of the Fourth Naval District. Mr. LePage 
thereupon said it gave him great pleasure to present to Admiral Lyman his Annual Membership 
Card, and expressed the hope that he would find it possible to make use of the membership 
privileges. 

Before presenting the speaker of the evening, Mr. LePage called attention to the fact that 
this evening we would present the Tenth Charles Day Lecture, endowed by Mrs. R. Marshall 
Truitt in honor of her late husband, Charles Day. Mr. Charles Day was a founder, with the 
late John E. Zimmerman, of the firm of Day & Zimmerman. He became a member of The 
Franklin Institute in 1900 and was a member of its Board of Managers from 1908 until his 
death in 1931. 

The President then introduced the speaker of the evening, Dr. Edward B. Doll, Vice 
President, Space Technology Laboratories, Inc. and Program Director ICBM Atlas. 

In his talk on “The Space Market,”’ Dr. Doll discussed the current United States Ballistic 
Missile program giving technical facts related to ballistic missiles as space vehicles; then, in 
general terms, the problem of predicting future trends. He commented on the evaluation of 
the relative values of various space possibilities with observations of desirable educational 
trends. After the discussion of the United States Ballistic Missile program a most interesting 
film was shown illustrating progress in this program. 

Following an interesting discussion period, the President expressed the Institute's thanks 
to Dr. Doll and adjourned the meeting at 10:00 p.m. 

F. JACKSON, JR. 
Secretary 
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COMMITTEE ON SCIENCE AND THE ARTS 


(Abstract of Proceedings of Stated Meeting held Wednesday, May 13, 1959.) 


HALL OF THE COMMITTEE, 
May 13, 1959. 


Dr. Wittiam G. Scumipt in the Chair. 


The following reports were presented for final action : 
No. 3197: The Magnetic Fluid Clutch. 


This report recommended the award of an Edward Longstreth Medal to Jacob Rabinow, 
of Takoma Park, Maryland, ‘In consideration of his invention of the Magnetic Fluid Clutch, 
a new concept of controlled coupling, of particular importance where smooth slip operation 


and/or extremely rapid response is essential." 


No. 3345: Work of Clarence M. Zener. 


This report recommended the award of a John Price Wetherill Medal to Clarence Melvin 
Zener, of Pittsburgh, Pennsylvania, ‘‘In consideration of his important contributions to the 
field of solid state physics and in particular to the physics of metals; and also of his unusual 
ability to stimulate important work on the part of others.” 


No. 3335: The Franklin Medal. 
This report recommended the award of The Franklin Medal to Hans Albrecht Bethe, 
of Ithaca, New York, “For his many profound investigations which have contributed sig- 
nificantly to our understanding of the physical universe from nuclei of atoms to the interior of 


the stars.” 


No. 3357: 

No. 3358: 

The first report recommended the award of a Stuart Ballantine Medal to Charles H. 

Townes, of New York, New York, ‘For his conception and demonstration of the feasibility 

of securing amplification and generation of high frequency radio waves by stimulated emission 

of radiation and for his invention of the maser which represents a new departure in electronic 
procedures and which has already led to many fruitful scientific and practical uses.”’ 


Ballantine Medal. 


The second report recommended the award of a Stuart Ballantine Medal to Albert Hoyt 
Taylor, of Claremont, California, “For his more than fifty years of scientific work, which 
contributed notable advances in the technology of radio communications, particularly in the 


” 


fields of radio wave propagation and of reliable communications systems. 


D. S. FAHRNEY, 
Secretary to Committee 
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LIBRARY 


Che Committee on Library desires to add to the collections any technical works that 
members may wish to contribute. Contributions will be gratefully acknowledged and placed 
in the Library. Duplicates received will be transferred to other libraries as gifts of the donor. 


398 items have been added the past month. 
Photostat service. Photostat prints of any material in the collections can be supplied 


on request. 
The Library and reading room are open from 9 A.M. until 5 P.M. on Mondays, Tuesdays, 


Thursdays, Fridays; from 2 p.m. until 10 p.m. on Wednesdays; and from 9 A.M. until noon on 


Saturdays. 


RECENT ADDITIONS 


AERONAUTICS 


BRUHN, ELMER FRANKLIN. Analysis and Design of Aircraft Structures. 1958. 


ARCHITECTURE AND BUILDING 


The Design of Physics Research Laboratories; a Symposium . . . 


INSTITUTE OF PHysICs. 
1959. 


ASTRONOMY 


Dutton, BENJAMIN. Navigation and Nautical Astronomy. Ed. 4. 1932. 
Mou ton, Forest Ray. An Introduction to Celestial Mechanics. Ed. 2, rev. 1914. 


ATOMIC ENERGY 


Atomic Industrial Progress and Second World Confer- 


U.S. Atomic ENERGY COMMISSION. 
ence. July-December 1958. 1959. 


BIOLOGICAL CHEMISTRY 


Organic Peroxides in Radiobiology. 1958. 


HaAIssINSKY, M., ED. 


CHEMISTRY AND CHEMICAL TECHNOLOGY 


CLAxTON, G. Physical and Ozeotropic Data; Hydrocarbons and Sulphur Compounds Boiling 
Below 200°C. 1958. 

ELKINS, HERVEY BERTRAND. ‘The Chemistry of Industrial Toxicology. Ed. 

The Enzymes. Ed. 2, rev. Vol. 1. 1959. 

HALA, EDUARD AND OTHERS. ipour-Liquid Equilibrium. 1958. 

HANNAY, N. B., ED. Semiconductors. 1959. 

Perkin Centenary, London; 100 Years of Synthetic Dyestuffs. 1958. 

SANDELL, ERNEST BIRGER. Colorimetric Determination of Traces of Metals. Ed. 3. 1959. 

SCHELLER, HEINRICH. Einfiihrung in die Angewandte Spektrochemische Analyse. Ed. 2. 

1958. 


CRYSTALLOGRAPHY 


Drjonc, W. F. V. Kompendium der Kristallkunde. 1959. 
Lawson, W. D. AND NIELSEN, S. Preparation of Single Crystals. 1958. 


DICTIONARIES 
English/American, 


Elsevier's Dictionary of Building Construction in Four Languages. 
French, Dutch and German. 1959. 
MerrkIMAN, A.D. A Dictionary of Metallurgy. 1959. 
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ELECTRICITY AND ELECTRICAL ENGINEERING 
FRANK, Ernest. Electrical Measurement Analysis. 1959. 
Frost-SmituH, E. H. The Theory and Design of Magnetic Amplifiers. 1958. 
HENNEY, KeitH. Radio Engineering Handbook. Ed. 5. 1959. 
SCHUTTER Micko Wave Corporation, Cart W. Microwave Components Catalog. Vol. 1- 
2d. 
Turner, Rurus P. Transistors; Theory and Practice. Ed. 2. 1958. 


ENGINEERING 
GREAT BRITAIN. NATIONAL CoAL BoAarRD. MINING RESEARCH ESTABLISHMENT. Mechan- 
ical Properties of Non-Metallic Brittle Materials. 1958. 
PERRY, JOHN HOWARD AND PERRY, ROBERT H., ED. Engineering Manual. 1959. 
PIPPENGER, JOHN J. AND Korr, RicHARD M._ Fluid-Power Controls. 1959. 


FOOD 
RILEY, JoHN J. A History of the American Soft Drink Industry. 1958. 


GENERAL 
Societe CHIMIQUE DE FRANCE. Célébration du Centenaire de sa Fondation. 16-17 Juillet 
1957. 1958. 
WHITNEY, WILLIAM Dwicut. The Life and Growth of Language. 1897. 
The World of Learning, 1958-59. Ed. 9. 1958. 


GEOLOGY 


SCHEIDEGGER, ADRIAN E. Principles of Geodynamics. 1958. 


GRAPHIC ARTS 
WatnwriGut, NicHoLas B. Philadelphia in the Romantic Age of Lithography. 1958. 


HISTORY 


Pace, ANTONIO. Benjamin Franklin and Italy. 1958. 


HOROLOGY 


BAILLE, GRANVILLE HUGH. Watchmakers and Clockmakers of the World. Ed. 3. 1951. 

BaLton, L. Time Measurement. 1924. 

BrITTEN, FREDERIC JAMES. Old English Clocks: the Wetherfield Collection. 1907. 

Bitser, Matruias. Disputio Mathematica de Perpendiculo Cultellatione & Chorobate ac in 
Specie Horologiis Automatis Perpendiculo Modernaudis. 1705. 

Catalogue of the Celebrated Collection of English and Continental Clocks; also a Collection 
of Japanese Clocks Formed by the Late Courtenay A. Ibert. 1958. 

CuHapuis, ALFRED AND ROBERT-CHARRUE, FRITZ. Grands Artisans de la Chronométrie. 
1958. 

Cowan, Harrison J. Time and its Measurement from the Stone Age to the Nuclear Age. 
1958. 

LOUBKE, Anton. Die Uhr. 1958. 

SCHENK, Apo_r. Die Uhrmacher von Winterthur und ihre Werke. 1959. 

SMITH, JOHN. Horological Dialogues, in Three Parts Shewing the Nature, Use, and Right 
Managing of Clocks and Watches . . . 1675. 

SMITH, JoHN. Horological Disquisitions Concerning the Nature of Time, and the Reasons 
why all Days, from Noon to Noon, Are Not Alike Twenty Four Hours Long . . . 1694. 

ULLYETT, KENNETH. In Quest of Clocks. 1951. 

VANDERPLASSE, P. Description, Usage et Reglage des Montres Marines et du Sextant. 1909. 
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MANUFACTURE 
SANDERS, A. H. Electroplating. 1950. 
U.S. S. R. ACADEMY oF SCIENCEs, INSTITUTE OF SILICATE CHEMISTRY. Structure of Glass. 
1958. 
MATHEMATICS 


F REILICH, AARON ; SHANNHOLT, HENRY H. AND MCCorMACK, JOSEPH P. Fusion Mathematics. 
1958. 

Rosin, Louis. Fonctions Sphériques de Legendre et Fonctions Sphérioidales. Vol. 2. 1958. 

WHYBURN, GorDON THoMAS. ‘Topological Analysis. 1958. 


MECHANICAL ENGINEERING 


HEILANDT, A. AND Mater, A. Zeichnungs-Normen in Auftrage des Deutschen Normen-aus- 
Schusses. Ed. 4. 1927. 
Licu, Orro. Vorrichtungen im Maschinenbau. Ed. 2. 1927. 


METALLURGY 


GRAINGER, L. Uranium and Thorium. 1958. 


METEOROLOGY 


Jameson, P. R. Weather and Weather Instruments for the Amateur. Ed. 2. 


NUCLEAR ENGINEERING 


BetcHem, R. F. K. A Guide to Nuclear Energy. 1958. 
KOPELMAN, BERNARD, ED. Materials for Nuclear Reactors. 1959. 


PHYSICS 


ALFERJEW, VON M. J. Hydromechanik. 1958. 

ATKIN, KENNETH RosBert. Liquid Helium. 1959. 

BeLvamy, L. J. The Infra-red Spectra of Complex Molecules. Ed. 2. 1958. 

Brrp, JAMES MALCcoLM. Einstein’s Theories of Relativity and Gravitation . . . 1922. 

CarsLaw, Horatio S. AND JAEGER, J. C. Conduction of Heat in Solids. Ed. 2. 1959, 

Conpon, EDWARD UHLER AND ObIsHAW, HuGu, ED. Handbook of Physics. 1958. 

Léscue, A. Kerninduktion. 1957. 

Love, AuGustus Epwarp HouGu. <A Treatise on the Mathematical Theory of Elasticity. 
Ed. 4. 1944. 

OBERLANDER, SIEGFRIED. Einfiihrung in die Mechanik. Vol. 1-2. 1954-56. 

Ratc.iFFE, J. A. The Magneto-lonic Theory and its Applications to the Ionosphere. 1959. 

SCHWINGER, JULIAN, ED. Selected Papers on Quantum Electrodynamics. 1958. 

SPANGLER, HENRY WILSON. Notes on Thermodynamics. Pt. 1. Ed. 5. 1911. 


PLASTICS 


MELVILLE, HARkY Work. Big Molecules. 1958. 


RADIOACTIVITY 


CONFERENCE ON LIQUID SCINTILLATION COUNTING, NORTHWESTERN University, 1957. 
Liquid Scintillation Counting; Proceedings. 1958. 

INTERNATIONAL CONGRESS OF RADIATION RESEARCH. Proceedings . . . Burlington, Vt., 
Aug. 11-15, 1958. 1959. 

Kocu, WILHELM. Die Ablagerung Radioaktiver Substanzen im Knochen. 1958. 

Nokes, M. C. Radioactivity Measuring Instruments. 1958. 

Radioisotopes in Scientific Research. 1958. 
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STATISTICS 
Experimental Designs in Industry. 1958. 


SUGAR 


HoniG, Pieter, ED. Principles of Sugar Technology. Vol. 1-2. 1953-59. 


MEMBERSHIP 


The following elections were approved on May 7, 1959 by the Membership Committee 


by authority given to it by the Board of Managers. 


Louis C. Ammlung, Jr. 
Harold W. Beswick 
Samuel N. Boyd, Jr. 
Warren W. Brenner 
Charles A. Carr, Jr. 
Florence R. Cohen 
Robert Edward Craig 
Christopher W. Crossett 
Lyman A. Darling 

Guy DiAmbrosio 
Philip J. Diamond 
Franklin B. Drumheller 
Samuel Enion 

Jack Forstadt 

Francis E. Hummel, Jr. 
T. Peirce Hunter 
Alexander Labbok 
Roland C. Laney 

Alvin S. Levy 


Margaret Helm 
William E. Kelly 


William G. Collings 


John T. Fegley '42 
Charles Flachbarth '43 


ANNUAL 
A. L. Linch 


Herschel N. Livingston 
Peter J. Loftus 
Harold M. Logan, Jr. 
William Linden Long 
Paul R. Lutz 

James B. Madison 
Anthony Maladra 
Arthur R. Mandeville 
Edward J. Manley 
Luther P. Manship 
Richard L. Manton 
Carlo Mariani, Jr. 
John L. Martin 
Norman H. Martin 


Edmund W. Martindale 


John J. Massimiani 

Raymond Alan Meyer 

T. Elmer Moon 

EDUCATOR 

Milton Mark 

Richard S. Ross 
NON-RESIDENT 

W. Barton Eddison 


NECROLOGY 


H. J. Levinson '42 


Howard T. O'Neill 
Ray L. Overcash 
Robert F. Peterson 
Charles E. Probst 
Helen Pyle 
Charles Ritter 
Lockhart L. Sands 
Eloise Hall Savidge 
F. Ralph Sias 
Howard L. Smith 
Leon E. Smith 
John J. Somers 


John Peter Stevenson 


Leonard M. Strunk 
Frank R. Stryke 
Benjamin S. Thayer 
Charles L. Thomas 
Andrew S. Webb 

L. W. Wyman 


Seymour Schotz 
Samuel Sugarman 


N.S. Macfarlan 


S. Weir Newmayer '48 


Mrs. Harrison B. Wright '36 


BOOK NOTES 


HypRAULIC ENERGY Dissipators, by E. A. 
Elevatorski. 214 pages, illustrations, 6 X 9 
in. New York, McGraw-Hill Book Co., 
Inc., 1959. Price, $10.00. 


This book gives a thorough presentation 
of the theoretical and practical aspects of 
hydraulic energy dissipators. Written espe- 
cially for the designer of hydraulic structures, 
the various functions and uses of energy dis- 
sipators are clearly described and illustrated. 
Design procedures for such elements as hy- 
draulic jump type stilling basins, valves and 
gates, bucket-type energy dissipators and 
drop structure stilling basins are topics thor- 
oughly examined. Design examples and prob- 
lems dealt with are: preventive measures for 
erosion below existing dams; use of hydraulic 
models and model-prototype conformance. 


THE CELLULAR SLIME Mo tps, by John Tyler 
150 pages, diagrams, plates, 5} 
Princeton, Princeton University 


Price, $4.00. 


In this volume the author discusses the 
relation of cellular slime molds to other or- 
ganisms and the structure and life histories 
of various types of slime molds. Briefly 
summarizing the work already done in this 
field, the book's emphasis is placed on the 
mechanics of development and attempts to 
fit the knowledge of slime molds into modern 
embryological views. A comprehensive bib- 
liography is included and should prove a 
valuable reference for specialists as well as a 
useful introduction for the non-specialist. 


Bonner. 
X 8} in. 
Press, 1959. 


Basic Puysics oF ATOMS AND MOLECULES, 
by U. Fano and L. Fano. 414 pages, 
diagrams, 6 X9 in. New York, John 
Wiley & Sons, Inc., 1959. Price, $10.00. 


This volume presents a qualitative picture 
of the properties of atoms rather than the 
detailed techniques of quantum mechanical 
calculations. The authors give a clear, uni- 
fied presentation of quantum physics, without 
requiring an extensive previous knowledge of 
physical theory or familiarity with its mathe- 


matical procedures. The inductive analysis 
starts from a few experiments that illustrate 
directly the characteristic properties of atomic 
systems. 


NUCLEONICS FUNDAMENTALS, by David B. 
Hoisington. 410 pages, illustrations, 6 x 9 
in. New York, McGraw-Hill Book Co., 
Inc., 1959. Price, $9.50. 


Offering a broad survey of the field of 
nuclear physics and engineering, this book 
deals with the accomplishments, applications, 
problems and limitations associated with the 
use of radioactive substances, nuclear reactors 
and other nuclear devices of science and 
industry. Some of the topics discussed are 
basic atomic and nuclear physics, particle 
accelerators, radiation protection, instrumen- 
tation, fission, reactor principles, research and 
power reactors, thermonuclear power, nuclear 
explosives and isotope separation. Treat- 
ment of the subject matter is not highly 
mathematical, with the differential notation 
used sparingly. A text for students whose 
mathematical training has been limited to 
algebra and slight knowledge of calculus. 


MODERN TRANSISTOR Circuits, by John M. 
Carroll. 268 pages, illustrations, 84 X 11 
in. New York, McGraw-Hill Book Co., 
Inc., 1959. Price, $8.50. 


A comprehensive collection of modern tran- 
sistor circuits, classified and arranged for 
easy reference, is presented in this volume. 
Almost 200 circuits are presented, with com- 


plete design information and electronic com- 
The circuits are arranged 
both by generic types such as amplifiers, oscil- 
lators, power supplies and pulse circuits as 
well as by specialized applications such as 
broadcast and home entertainment ; audio and 
Emphasis is 


ponent values. 


r-f communications circuits. 
given to new circuits combining transistors 
and electron tubes, and transistors and mag- 
netic amplifiers. Profusely illustrated with 
schematic diagrams, and photographs show- 
ing construction of equipment. 
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LiQguip SCINTILLATION COUNTING, edited by 

Carlos G. Bell, Jr. and F. Newton Hayes 
plates, 6 X 9 in. 
1958. 


292 pages, diagrams, 
New York, Pergamon Press, Inc., 
Price, $10.00. 


This is the first volume ever published on 
this technique of radiation measurement. It 
covers all the advances in the field and in- 
cludes a section on the chemistry of the 
counting sample. With scintillation counters 
being one of the most versatile and important 
instruments in modern nuclear research, this 
informative text on the subject will prove to 
be of immense value to nuclear physicists, 
physical chemists, electronic engineers, radio 
chemists and those engaged in medical research. 


ELECTRICAL ENGINEERING MATERIALS, by 
A. J. Dekker. 208 pages, diagrams, 6 XK 9 
in. New York, Prentice-Hall, Inc., 1959. 
Price, $8.00. 


In this new text, the author gives a clear, 
working knowledge of the methods and models 
used to determine the properties of materials 
most important to the electrical engineer. 
Simple classical or semi-classical models are 
used throughout to help the reader develop 
insight into the physical mechanisms that 
The 


chapers are organized so that concentration 


underlie the properties of materials. 


is possible separately on the dielectric, mag- 
netic or conductive properties of materials. 
Supplemented with numerous line drawings, 
as well as graphs and tables, the book also 


incorporates problems at the end of each 


chapter. 


Book 


Tue THEORY AND DersIGN OF MAGNETIC 
AMPLIFIERS, by E. H. Forest-Smith. 487 
pages, diagrams, 54 K 8} in. New York, 
John Wiley & Sons, Inc., 1959. Price, 
$12.50. 


This volume is the first of a series on Auto- 
mation and Control Engineering. It gives 
an account of the theory of magnetic ampli- 
fiers and design methods to meet specific 
requirements which should prove valuable to 
the control engineer. In the various chap- 
ters, theoretical aspects are supplemented by 
short numerical examples and some complete 
designs are carried out. Some typical prob- 
lems to which magnetic amplifiers have been 
applied successfully are also discussed. 


AMPLIFIER ENGINEERING, by 
George M. Attura. 220 pages, diagrams, 
illustrations, 6 X 9 in. New York, Mc- 
Graw-Hill Book Co., Inc., 1959. Price, 
$7.50. 


This authoritative guide, presented in the 
language of the electronic circuit and systems 
engineer, presents the theory, operating prin- 
ciples and practical application of all types of 
magnetic amplifiers. Basic information is 
given on electric and magnetic variables de- 
scribing their interrelation through the equa- 
tions of Faraday and Oersted. Special topics 
not covered before in a work of this kind 
include: hybrid circuits, bi-directional output 
amplifier, volt-second analysis of saturable 
reactors, winding and test specifications for 
toroidal reactors and detailed mathematical 
analysis of the load action of the reactor- 
rectifier amplifier. 


MAGNETIC 


PUBLICATIONS RECEIVED 


MECHANICAL DESIGN AND ANALYsIS, by R. R. Slaymaker. 418 pages, illustrations, 6 X 9 in. 
New York, John Wiley & Sons, Inc., 1959. Price, $9.50. 


A Dictionary OF NAMED EFFECTS AND Laws, in chemistry, physics and mathematics, 
by D. W. G. Ballentyne and L. E. Q. Walker. 205 pages, diagrams, 54 & 84 in. New 
York, The Macmillan Company, 1959. Price, $6.00. 


THE DESIGN OF PHyYsICs RESEARCH LABORATORIES, a symposium. 108 pages, diagrams, 
illustrations, 6 X 9{ in. New York, Reinhold Publishing Corp., 1959. Price, $4.50. 


MATHEMATICS DictIoNARy, edited by Glenn James and Robert C. James. Second edition, 
546 pages, diagrams, 6 X 9 in. Princeton, D. Van Nostrand Co., Inc., 1959. Price, 
$15.00. 


ENGINEERING MECHANICS, STATICS AND Dynamics, by H. L. Langhaar and A. P. Boresi. 
705 pages, diagrams, 6 X 9 in. New York, McGraw-Hill Book Co., Inc., 1959. Price, 
$9.00. 


PRINCIPLES OF MODERN Puysics, by Robert B. Leighton. 795 pages, diagrams, 6 X 9 in. 


New York, McGraw-Hill Book Co., 1959. Price, $7.50. 


GRAPHICAL COMMUNICATION, by Earl D. Black. 328 pages, diagrams, 6 X 9 in. New York, 


McGraw-Hill Book Co., 1959. Price, $8.00. 


EveryDAY METEOROLOGY, by A. Austin Miller and M. Parry. 270 pages, diagrams, illustra- 
tions, 6 X 9in. New York, Philosophical Library, 1959. Price, $7.50. 


128 pages, 5$ 8} in. 


CounTeErPoINT, by L. Virginia Holland. 
Library, 1959. Price, $3.75. 


New York, Philosophical 


ELECTRICAL SAFETY, by H. W. Swann. 292 pages, illustrations, 54 X 8} in. New York, 
Philosophical Library, 1959. Price, $15.00. 


CriassicaL MeEcHANics, by J. W. Leech. 149 pages, diagrams, 7} K 43 in. New York, 
John Wiley & Sons, Inc., 1959. Price, $2.50. 


APPLIED MATHEMATICS FOR ENGINEERS AND SCIENTISTS, by C. G. Lambe. 
grams, 54 X 84in. New York, The Macmillan Company, 1959. 


518 pages, dia- 
Price, $8.50. 


THE FOURIER INTEGRAL AND CERTAIN OF [1S APPLICATIONS, by Norbert Wiener. 201 pages, 
53 X 8in. New York, Dover Publications, Inc., 1959. Price, $1.50 (paper). 


THe GENTLE Art OF MATHEMATICS, by Dan Pedoe. 143 pages, diagrams, 8} * 54in. New 
York, The Macmillan Company, 1959. Price, $3.50. 


INTRODUCTION TO STRESS ANALYsIS, by Charles O. Harris. 330 pages, diagrams, 6 X 9} in. 
New York, The Macmillan Company, 1959. Price, $7.50. 


HELICOPTERS AND AUTOGYROS OF THE WoRLD, by Paul Lambermont with Anthony Pirie. 
255 pages, plates, 54 X 8} in. New York, Philosophical Library, 1959. Price, $10.00. 


PROFESSIONAL CREATIVITY, by Eugene Von Fange. 260 pages, diagrams, 8} & 5} in. New 


York, Prentice-Hall, Inc., 1959. Price, $4.95. 
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CURRENT TOPICS 


Small Component Motor Design. — 
A Unitized motor, representing a major 
technological breakthrough in small 
component motor design, that is up to 
40 per cent more efficient than conven- 
tional motors of the same type, has 
been developed by the General Elec- 
tric Company. 

Available first in 4-pole, KSM 59- 
frame, shaded-pole and permanent- 
split capacitor ratings up through 1/15 
hp, the new motor is designed for use 
in such air moving and small machine 
applications as ventilators, heaters, 
dehumidifiers, air conditioners, coolers, 
recorders, projectors, business ma- 
chines and in many other types of 
small motor-driven equipment. 

Also to be available soon will be 
Unitized motors in 2-pole, shaded-pole 
ratings through 20 milli-horsepower 
and universal series motors of various 
ratings. A complete line of the new 
motors will become available as designs 
are developed, according to engineers 
at the company’s Specialty Motor 
Department, Fort Wayne, Ind. 

Smaller in size for a given output 
than motors of traditional design, the 
Unitized motor will offer the original 
equipment manufacturer a number of 
options based upon his motor-driven 
equipment requirements. Relative to 
conventional motor design, the new 
design offers either higher output for 
the same size, input, and temperature 
rise; or lower current input for the 
same size, output, and temperature 
rise ; or lower temperature rise for the 
same size, input, and output. 

New developments in the bearings, 
the lubrication system, and the insula- 
tion contribute to the over-all life and 
performance characteristics of the mo- 
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tor. The flexible Unitized motor de- 
sign can be adapted easily to specific 
needs of a variety of small motor- 
driven products. 

A continuous hydrodynamic oil film 
supports the motor shaft in all of the 
new sleeve-bearing Unitized motors. 
A capillary retention system prevents 
excess loss of oil from the lubrication 
system. 

Bearings on the new Unitized motors 
are permanently aligned in the manu- 
facturing process and are rigidly sup- 
ported by the end shields. The bear- 
ings hold the rotor centered in the 
stator even against side loading, thus 
permitting the motor to be mounted 
in any position. 

A specially developed resin, which 
has high mechanical and dielectric 
strength, coats the entire stator core. 
Core laminations are then fused into a 
complete and integrated unit. Tests 
indicate that the new stator core insu- 
lation is not affected by humidity. 
These test results also indicated that it 
has a four-to-one improvement in di- 
electric strength and a projected life 10 
times that of conventional paper-slot 
insulation, company engineers said. 

The new Unitized motor design can 
be adapted easily to specific needs of 
products in the small motor-driven 
equipment field. Because they can be 
mounted in any position, Unitized mo- 
tors can meet many special require- 
ments without factory modification. 

A variety of mounting arrangements, 
shaft extensions, and lead materials 
and connections can beaccommodated 
by the new motor. Enclosed and 
open designs are available and special 
enclosures can be provided where 
necessary. 
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Semiconductor Tetrode..\ new 
four terminal semiconductor device, 
which will perform a number of elec- 
tronic functions which previously 
either could not be obtained at all, or 
only with extensive circuitry, has re- 
cently been invented at Bell Telephone 
Laboratories. 

The device, the field effect tetrode, 
can be made to function as a trans- 
former, gyrator, isolator, non-distort- 
ing modulator, or a short-circuit sta- 
ble negative resistance. Laboratory 
models have been produced by the in- 
ventors, H. A. Stone, Jr., and R. M. 
Warner, Jr., which corroborate the 
theoretical predictions for operation of 
the device. This theory grew out of 
work previously reported on a field 
effect current limiter. 

The tetrode is composed of a disk of 
semiconductor with a diffused junc- 
tion. A circular trench is cut and 
etched into each face of the disk, to 
within about 1 mil of the junction on 
either side. Two leads are then at- 
tached to each face, one inside the 
trench, the other outside. When a 
voltage is applied across the junction, 
the thickness of the depletion layer ad- 
jacent to it is increased or decreased, 
depending on the direction of the bias- 
ing voltage. This in turn increases or 
decreases the resistance of each “‘chan- 
nel”’ between the bottom of the trench 
and the junction. 

Functionally, the device has no ana- 
log, either in electron tubes or in pre- 
vious transistors. The tetrode will 
function either as a transformer or a 
gyrator, depending on the polarity of 
the biasing voltage. Asa transformer, 
it has a very decided size advantage 
for low frequency use, although it does 
not afford d-c isolation. Asa yyrator, 
it should be of considerable circuit in- 
terest. (A gyrator is a non-reciprocal 
four terminal network which behaves 
similarly to a transformer, while ex- 


CURRENT 


Topics 


547 


hibiting a 180° difference in phase shift 
depending on the direction of trans- 
mission.) One gyrator function is im- 
pedance inversion. For example, it 
should be possible to use the new de- 
vice to convert the reactance of a mini- 
ature capacitor into that of a high-Q 
inductor. 

If the device is biased properly, it 
will function as an isolator, allowing 
passage of alternating current in one 
direction only. 

According to its inventors, one of 
the most important applications for 
the new device may be as a distortion- 
less modulator, or electronically con- 
trolled resistor for large signals. In 
this use, a relatively low frequency 
control-voltage varies the width of the 
depletion layer, and thus the resistance 
of the device. Simple capacitors act 
as high-pass filters to isolate the con- 
trol-voltage from the signal, if the 
frequency ratio is maintained ata high 
level. The signal voltage does not ap- 
pear across the junction and has no 
effect on the depletion layer. There- 
fore, it can be magnitudes higher than 
the control voltage, without being dis- 
torted by self-modulation. For the 
same reason, it is not limited by junc- 
tion capacitance. 

If a direct connection is made be- 
tween the inner lead on one face and 
the outer lead on the other, the device 
will function as a two terminal a-c 
short-circuit stable negative resistance. 
In the experimental models produced 
at Bell Laboratories, this performance 
has been achieved over a range of about 
30 to 250 v, at 0.6 to 0.1 ma, in a boron- 
doped silicon crystal with a phospho- 
rous diffused junction. 

While the practical development of 
the field effect tetrode is still in a very 
carly stage, nevertheless, it shows po- 
tential characteristics in a single device 
which previously either could not be 
obtained at all, or only through ex- 
tensive circuitry. 
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New Method for Studying Shock 
Waves in Metals.—An accurate and 
easy method of measuring and record- 
ing transient elastic waves created in 
metals by impacts and explosions has 
been developed at the U. S. Army 
Engineer Research and Development 
Laboratories, Fort Belvoir, Va. 
Simple in comparison with compli- 
cated and undependable methods at- 
tempted in the past, the new system 
gives research engineers a means of 
studying the patterns of shock waves 
and their speed of transmission in solid 
materials in order to establish design 
criteria to minimize the effects of ex- 
plosive shock on military equipment. 
In operation, an explosion set off at 
one end of a metal bar to which a strain 
gage has been attached, sends a shock 
wave down the bar at tremendous 
speed. The strain gage picks off a 
reading from the shock wave and trans- 
mits a signal to amplifiers. These, in 
turn, display a reading on the cali- 
brated face of an oscilloscope in the 
form of a pip of light. A Polaroid 
camera with shutter opened is pre- 
focused on the face of the oscilloscope 
and records the pip in the form of a 
line as it passes. The curve of the pip 
of light indicates the speed of propaga- 
tion of the shock wave, maximum 
strain, shape and changes of the wave, 
and duration of strains. The oscillo- 
scope is set for a 4-microsecond sweep 
to reproduce a detailed display of the 
signal picked up by the strain gage. 
This test method as designed and 
developed by Mr. Allan Tarr in col- 
laboration with Privates W. E. Bron 
and K. A. Zadwick of the Engineer 
Labs’ Materials Branch is expected to 
enable engineers to predict more accu- 
rately the effects of a given force such 
as explosions or bullets on finished 
equipment, 
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Electric Movie Camera.—The Bas- 
kon Electric Eight, a revolutionary 
electric-driven 8-mm movie camera 
with an electric eye to eliminate the 
need for exposure meters, an electric 
voltmeter to indicate when batteries 
are wearing out and a three lens turret, 
has been announced by Robert C. 
Baggott, vice president of marketing 
for Baskon Corporation, Beverly Hills, 
Calif. 

An unique “footage counter” built 
into the view finder is another feature 
of the camera. Explaining Baskon’s 
unique ‘footage counter’’ in the view 
finder, Baggott said it enables the 
photographer to know at all times how 
much film has been used, thereby pre- 
venting him from running out of film 
at crucial moments. 

“Merely pressing a button puts the 
Baskon into motion—there’s no wind- 
ing, another advantage in action pho- 
tography,” Baggottadded. Thecam- 
era provides a continuous run of over 
1000 feet of film. 

Ordinary pen-lite batteries, easily 
available, power the Baskon, and its 
electric voltmeter tells when to replace 
them. 

The camera’s three lenses, which all 
stop down to //1.8, are standard, 
13mm; wide angle, 6.5mm; and tele- 
photo, 25mm. Each lens enables an 
exact field of view, which changes to 
match the lens being used as the turret 
is revolved. 


Beacon Light Pathfinder for Assem- 
bling Airborne Troops.—Army Engi- 
neers at Fort Belvoir, Va., have de- 
veloped a lightweight, air-droppable 
pathfinder beacon light developed to 
mark assembly points for airborne 
troops. The beacon light has an infra- 
red range of 2 miles when viewed from 
the ground and a visible light range 
of 5 miles when viewed from 1000-ft. 


altitude. 


| 
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The light is mounted on a telescop- 
ing mast which can be extended to 23 
ft. Six signal lenses are provided in 
white, red, amber, green, blue and in- 
frared. A coding mechanism permits 
a pre-coded sequence of four Morse 
Code characters, manually or auto- 
matically, key coded or a continuously 
lighted beacon. 

The beacon mast is reduced to 30 in. 
in the carrying case which also con- 
tains a 12-volt rechargeable nickel cad- 
mium battery and the coding sequence 
mechanism. Total weight of the case 
and components is 20 Ib. 

The pathfinder can be erected and 
operated by one man. Developed by 
the U.S. Army Engineer Research and 
Development Laboratories, Fort Bel- 
voir, Virginia, it is now undergoing user 
tests at Fort Bragg, North Carolina. 


Long-Lasting Atomic Lamps.— Bulbs 
powered by radioactivity may be ready 
for the commercial market before long. 
One well-known British lighting com- 
pany has manufactured atomic lamps 
and is conducting extensive experi- 
ments to test their practical applica- 
tions. An atomic lamp—powered en- 
tirely by radioactivity—is expected to 
shine many years without attention or 
renewal of the atomic power source. 

Until recently there was no practical 
light source that would run for long 
periods without external supplies. But 
radio isotopes changed that. Radio- 
active substances, particularly gaseous 
isotopes such as tritium and krypton 
85, are suitable for use in light sources, 
and the A.E.I. Lamp & Lighting Co. 
(London) has been experimenting with 
both. The light is obtained from 
phosphorus activated by beta particles 
which are emitted in the course of the 
decay process of the radioactive gas. 

These experimental atomic lamps 
have an output of 0.0045 lumens, 
which represent an efficiency of just 
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over 30 lumens per watt. While they 
are not bright enough to be used for 
illumination, they are suitable as indi- 
cator lamps. Lamps with a lens di- 
ameter of 3 in. have been made which 
are visible in the dark at about a 
quarter of a mile. If the present 
brightness could be increased by a fac- 
tor of ten, a considerable range of ap- 
plications could be found. For in- 
stance, the lamps could be used as 
warning lights on obstructions, for 
markers on buoys or for short-range 
signaling on liferafts. 

The first lamp experimented on con- 
sisted of a glass bulb coated on the 
inside with phosphor and filled with 
radioactive gas. But more recent 
models have an area of clear glass—a 
window to allow the light from the 
phosphor to escape with as little loss 
as possible. The bulb is of hard glass 
and the phosphor mixed witha suitable 
binder is introduced into the bulb 
through a short neck and then allowed 
to drain. When the binder has dried, 
the window is formed by scraping away 
the phosphor. The bulb is then baked 
to remove the binder, leaving only the 
phosphor on the wall of the bulb. 
Finally, a glass tube is joined to the 
neck of the bulb, and through this it 
is filled with radioactive gas and then 
sealed. 

It is claimed that a source of a few 
cubic centimeters in volume is com- 
pletely safe in operation and would be 
a negligible health hazard in case of 
breakage. 


Capacity of Floating Zone Refiners 
Increased.—A striking improvement 
in the floating zone refining technique, 
substantially increasing the volume of 
material which can be purified, has 
been made by W. G. Pfann, kK. E. 


Benson, and D. W. Hagelbarger of 
Bell Telephone Laboratories. 
doxically, 
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makes it possible to treat much thinner 
cross sections than have been feasible 
before. 

The floating zone technique has 
proven highly valuable in producing 
extreme purity in reactive metals and 
semiconductors, because the molten 
material is never in contact with acon- 
tainer. However, it has been limited 
until now to use with small amounts of 
material. 

In conventional floating zone refin- 
ing, a rod of the material to be purified 
is held in a vertical position, while a 
zone is melted by a heat source. The 
molten zone is held in place within the 
rod by its own surface tension. This 
zone is then made to move along the 
rod, and the impurities which collect 
in the molten material move to one 
end. The end is subsequently cut off, 
before the material is fabricated into 
devices. 

The primary limitation on the con- 
ventional method is the fact that for 
any given material, there is a maxi- 
mum height of molten zone which can 
be supported by the surface tension. 
Small diameter rods can be melted 
through easily without exceeding this 
maximum height. However, in larger 
diameters, by the time the rod has 
been melted through, the height of the 
zone has become so great that the sur- 
face tension can no longer hold the 
volume of molten material. 

The new method gets around this 
dithculty by using specially shaped 
cross sections, such as flat plates and 
tubes. These shapes provide a cross 
section small in thickness to permit 
melting through without exceeding the 
maximum height, and large in width to 
increase the total cross-sectional area 
treated. The inventors have shown 
that molten zones in such shapes are 
surprisingly stable. 

For example, it is almost impossible 
to produce a stable molten zone in a 
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one-inch diameter iron rod, because 
the maximum height of the zone is 
generally exceeded during the heating 
required to melt through the rod. 
However, it is relatively easy to melt 
the entire cross section of a two-inch 
diameter, }-in. wall tube of the 
same material, without exceeding this 
maximum height. The areas in both 
forms are the same. 

Stable, wide molten zones have been 
maintained experimentally in one or 
both cross-sectional shapes, in ma- 
terials such as silicon, iron, tin, gold, 
lead, bismuth, and water. 

The new method works well at very 
small plate thicknesses in contrast to 
the rod floating zone method, in which 
the maximum stable zone height de- 
creases to zero as the rod diameter de- 
creases. Such a decrease in maximum 
zone height can be avoided in the new 
method. Hence, treatment of sheets 
in the order of mils or less in thickness 
becomes feasible. 

It is expected that increases in cross- 
sectional areas at least five to ten times 
those currently used will be feasible. 
Also, this new wide zone technique 
should make the floating zone method 
applicable to materials for which the 
conventional method is not practical. 
It appears that this new technique will 
greatly enhance the utility of the float- 
ing zone principle in the purification 
of reactive materials. 

Both the original zone refining tech- 
nique and the floating zone extension 
of the method were discovered at Bell 
Laboratories, by W. G. Pfann and 
C. Theuerer, respectively. 


Telemetering Transmitter for Space 
Satellites.— An all-transistor 20-mega- 


cycle telemetering transmitter, de- 
signed for possible use in space satel- 
lites, has been built by Philco Cor- 
poration for the U.S. Army. This is 
the first U. S. satellite transmitter to 
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